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REINFORCED CONCRETE PAVEMENTS FOR AIRPORTS@ 


By August W. Compton, 1 F. ASCE 


controls reduces maintenance, and service life. 
As an example of the design method that is proposed, | the rings ot the» 


Indianapolis, Ind., Municipal Airport is described. 


_ Distributed steel reinforcement has been in general use in concrete tite 


ments for more than 50 yr. Nevertheless, concrete pavements are still being 
constructed without Some constructing authorities feel that the 
_ additional cost is not warranted or that traffic conditions do not require it. 


However, all agree that it is 


In In 1925, after a Highway. Research Board (HRB) survey of some 5,500 miles 
of road, of which 2,000 miles were inspected in detail, C. A. Hogentogler con- 


| _ cluded2 that (1) the amount of cracking and subsequent disintegration is afunc- 
tion of time; thus the rate of cracking is a measure of the life of the pavement, Rs 
and (2) that steel reinforcement reduces the rate of cracking and thus in- 


a . written s tGqueat must be filed with the Executive Secretary, ASCE, This paper is part 
of the copyrighted Journal of the Air Transport Division, Proceedings of the ~commeuamal 7 
Society of Civil Engineers, Vol. 86, No. AT 1, May, 1960, 
2 Presented at the October 1959 ASCE Convention in Washington, D. 
1 Vice Pres., Clyde E. Williams and Assocs., Inc., Indianapolis, Ind, 
2 “Economic Value of Reinforcement in Concrete Roads,” by C. ms — 
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a 15 ft to 20 ft spacings. These slabs depend on aggregate interlock to — 
load transfer from one slab to another. With the increase in both volume and 
weight of trucks, the performance | of these slabs has not been satisfactory. -_ 
oz result, many state highway departments have returned to a reinforced = 
with slabs 40 ft to 100 ft long, providing mechanical load transfer devices at 
joints and distributed steel reinforcement between the joints. 
Both types of design have been used and are n now being used for airport pave- 
ments. Reasons for using or not using reinforcement are the same as those 
for highways. Of course, they should be. The volume of traffic on airport 
pavements is much less than on but the 1e wheel loads are times” 


AIR AIRPORT PAVEMENT RESEARCH 
Ing general, it has been considered that steel reinforcement, in the amounts - 
normally used in concrete pavements, does not add to the structural strength i 
of the ‘slab. However, ‘it must be remembered that a reinforced concrete de- 
+5 sign provides adequate mechanical load transfer at joints and sufficient dis- 
_ tributed steel to hold tightly closed any cracks that may form in between the | 
P joints. In contrast, a crack ora preformed crack such as one produced by a 
plane- -of-weakness type of joint in a non-reinforced pavement, results in two _ 
separate slabs divided by an irregular opening of changing width. Such an open > 
crack is a point of stress concentration, inc reased deflection, and subgrade 7 
deterioration. On the other hand, at two adjacent slabs in a reinforced pav e- 
- ment, . whether at a crack or ata joint, the wheel loads are _ supported by both — 
- slabs acting together rather than by each slab in turn. Reduced deflections 
flexural stresses resulting from this slab action are, yin struc- 
In the final report3 of Lockbourne No. 1 Test Track, March, 1946, the Corps 
of Engineers concluded: 
Steel ‘reinforcement in concrete pavements prolongs: their 
under traffic loading, especially when pavements become overloaded. 
_ 2. The benefits resulting from the inclusion of reinforcement in overloaded. 
concrete pavements increase with the amount of steel present. «Ape tee - 
3. When the overload becomes excessive the effect of different amounts - 


reinforcement is lost, and the steel also loses some of its power to prolong 


_ Assuming that _Subgrade Conditions were equal for both reinforced 


“indicated that reinforcing was effective in reducing the —— of pavement — 


ais A.M. ASCE, have reported4 the results of accelerated traffic tests on — 


a. Final 1 Report— —Lockbourne No, 1 Test Track, Corps of Eng rs., , U.S. Army, on, 
te, “Heavy Wheel Load Traffic on Concrete Airfield Pavements,” Frank M, eds. 
Unger, James P, Sale and Thurman R, Wathen, Proceedings of the om Annual Meeting — 
the Highway Research Board, 
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various ‘reinforced and nonreinforced concrete pavements sub- 
. _ jected to a load of 100,000 lb on a dual wheel. They concluded, with respect to | 


a. Reinforcing | does not materially effect | the coun of load repetitions re-_ 
quired to produce the first crack ina concrete pavement, 
’ b. The rate of progression of cracking after an initial crack is much : slower 
in reinforced pavement than in non-reinforced pavement. 
San c. The cracks which develop in reinforced pavement are held tightly a 


REINFORCED CONCRETE 


da Nominal amounts of reinforcement in concrete pavements increase eee 

; "useful life and may be used to reduce the thickness of concrete within the limi- 
tations given inthe preceding discussion = = 
- e. There is no advantage inplacing reinforcement in the amounts considered _ 
near the bottom of a pavement slab. 


PERCENT AREA 


= 


THICKNESS — PERCENT 
EFFECT OF STEEL REINFORCEMENT ON RIGID PAVEMENTS 


a a These findings demonstrate conclusively that the addition of reinforcing steel a 
in a concrete pavement is a distinct structural advantage which is reflectedin a A 
_ longer service - life. Also, it is especially interesting to observe that the basic ‘. 
‘conclusions from the 1946 and 1957 research on airport pavements ; are al- - 
most identical with those presented in 1925 by Hogentogler as a result of his 
studies of highway pavements. This certainly cannot be an accident al a 
coincidence. _It is very definitely a basic performance characteristic. ed 
aro) a Mellinger, Sale and Wathen include, in the report, a curve showing the in- 
crease in effective slab thickness the use of different percent- 
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1960 
sider very conservative, shows an appreciable increase in structural strengt 
7 when the pavement is reinforced. Design curves, based on these data, are used 
_ by the e Corps of Engineers as a basis for reducing pavement thickness when the 


In 1948 a Civil Aeronautics Administration publication allowed a 1- in, re- 


_ duction in pavement thickness when reinforcing steel was included. .5 Based on 5 


| previously mentioned Lockbourne Tests it was stated further: oo ae 
_ “Since these tests were made with both static and moving wheel loads of — 
000 and 60, 000 ‘pounds, vel conchunions it 


in pavement thickness. 


the of load it was stated that 


runway between the critical en sections the 
are less than 60,000 pounds. ” 


the 1956 issue of “Airport Paving,” ‘the CAA not any 

reduction in thickness when reinforcing steel is used but continues to call for 

load-transfer devices across | all transverse joints in areas | of load concentra-_ 


ir. All of these requirements, , together with the results of research and studies . 


_ of pavement performance, reveal the importance of load transfer at all cracks ? 
and joints in a a concrete pavement. I Progressive deterioration and breakage 
will occur at any crack which ¢ opens to the extent that aggregate interlock can- 
_ not be maintained. Unless the crack is held tightly closed at all times, there 
will be no transfer of load between the two slabs. The only economical method e | 
a 


holding the slabs in tight interlock isby means of reinforcing steel of proper 
reinforcing steelis not used the concrete pavement must be cut into slabs _ 
about 20 ft long. In areas of traffic concentration as wellas areas subjected to a 
= wheel loadings the joints at 20-ft spacing should be provided with ‘me- a 
chanical load-transfer devices. Under these conditions it seems more logical _ 
- reinforce the pavement sothat the slabs canbe lengthened and the number of. 
= reduced. The reduction in joints requiring load- -transfer devices leads 
to savings that in many cases will offset the initial cost of the steel reinforcing. 
Also, future savings in maintenance canbe anticipated because the pavement is’ 
more sound structurally and there are less joints to maintain 
= As an example, at the Municipal Airport at Indianapolis, ‘Ind. 1., du: ing t the 
period of 1930- 1934, the city constructed a Northeast-Southwest runway of re-_ 
= concrete. The design of this pavement was based onthe aircraft which | - 


_ were the design transports of that period, that is, the DC-2 and the DC-3. In 


— 
— 
— 
_ ta laxiways, aprons, and runway ends when single wheel loads are expected a a, 
ae to exceed 37,000 pounds, or rather in pavements designed to carry single — ie 
- a wheel loads of 37,000 pounds or more, especially when overloading with a 
respect totype and quantity of traffic may be anticipated. In these cases, _ 
ld be incorporated without a re- 
— 
-eritical thickened ends of runways, and on the entire runway designed 
— 
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REINFORCED CONCRETE 
1950, most of early pavement, some 8-6-8 and some in. uniform slab, 
had by this time reached the apparent end of its useful life. During the final © 
if 8 yr of this period, the pavement had been under heavy» use ~ aircraft not in 


"existence when the pavement was designed and built. 


_ Eventhough the crack pattern inthe pavement had reacheda on 1 advanced stage» 
in some portions, the wire fabric reinforcement held the slabs together suffi- 
ciently to permit operations to. ) continue. _ Obviously this would not have been 
_ possible with unreinforced concrete pavement segments of comparable size. __ 

_ During the 1950 construction season, after a complete pavement evaluation, — 

a about 20% of the old pavement was replaced with heavier wire reinforced slabs 

of thickness equal to the surrounding pavement— —the balance was determined 
‘to be suitable to serve if a bituminous overlay were added. _ After replacement ; 


of the worst damaged sections, the entire runway was overlain with 6 in. of bi- 
tuminous overlay material and continued | in service. ¥ 


“<n and is under continuous use by baie transports. An inspection of this — 
taxiway indicated need for renewal of the wearing surface to improve non- skid 
qualities but no further ‘structural improvement of the pavement aia deemed 
It is the writer ’s estimate that this airport was able to have about 4 or 5 
additional years use from this on because of me wire reinforcement be- Fi 


_ Determination of the cross-sectional area of steel required for pavement 


Of V variable and is based on the “subgrade drag” 


of siab in feet. Eq. 1 the coefficient of friction is taken 
- as a variable depending on the length and thickness of the slab. The weight of i 
Slab (w) is calculated on a basis of 12.5 lb per sq ft per in, of thickness, em 49 
The allowable working ‘stress in the steel depends on its type and grade; 
oa this stress should be no greater than 2/3 of the minimum yield strength.6 Ge a 
this basis, the American Concrete Institute (ACI) recommends the values in apy. 
Since this publication | was ‘issued, the point of cold drawn 
wire was raised to 60,000 psi. Accordingly, the allowable stress (fg), 
- same basis, would be 40,000 psi. Observations of pavements in service, how- 
ever, indicate that a design stress of 45,000 psi will not be excessive with ‘this 


material. The writer has used 45,000 psi as design stress in computations 4 


“Recommended Practice for of Concrete Pavements,” (ACI 


= 
a 
— pav ; retained in service; this, however, would be | a or 
amount of pavement that was retained in service; 
oh | ian - in which Ag is the cross-sectional area of steel required per foot of width of _ See 
wise slab, F denotes the coefficient of subgrade friction, w is the weight of slab per . pe 
| 


"several airfield pavement projects and observed their performance for several 
years of heavy service. Even though some of these pavements have been sub-_ 
_ jected to loads considerably over design, their performance is normalinevery | 
respect and seems to justify the designer’s decision. 

7 


- Tests with relatively ‘thin slabs have shown that the ‘coefficient of subgrade 
friction may vary from1.0 to 2. 0. An average value of 1.5 is customarily used 
for highway pavements. For the thicker airport pavements, however, it seems» 
desirable to take advantage of the fact that the coefficient of frictionis variable 
_andtends to decrease as the slab thickness is increased, but, ,at > time, 


T and Grade of Steel = pe f., in psi 


4 


‘Billet and axle steel, structural grade 


Billet and axle steel, intermediate grade 
— steel or billet a and ax axle si axle steel, hard grade P 


For slabs between en ft and sae ft in length, the Wire Reinforcement Insti- 


tute recommends that the coefficient of friction be determined as suggested : a 

_E. F. Kelley. 4 This method is also the basis for the steel design formulas mo 
the CAA manual “Airport Paving.” Calculations by this method show that for 
‘slabs 70 ft to 80 ft long the coefficient of subgrade friction varies — 
mately in accordinace with the formula. 


ai 


‘REINFORCEMENT DESIGN, MUNICIPAL AIRPORT AT INDIANAPOLIS _ 


criteria were used in designing runway, apron, and taxiway 
pavements for the Municipal Airport at Indianapolis. x Three different pave- 

ment thicknesses were involved; 8 in., 10 in., and 12 in. The length of slab 

in all instances was standardized at 75 ft and the allowable working stress in 

the steel (welded wire fabric) was taken as 45,000 
ad Values for the coefficient of subgrade friction, ‘F, were 1, a he 5, and 1.4, 
respectively, for ‘the slabs 8 in. , 10 in., and 12 in. thick, respec- 


— iia 

4 

4 

— 40,000 27,000 4 

4 

— 
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— 

_ by E. F. Kelley, Public Roads, August, 1939, 


Substituting these values in Eq. and us using» ng L= 75 ft the 
7 steel area and L= 25 ft for the area of the transverse | steel, the required steel 
areas were as shown in Table 2. Corresponding wire sizes and spacings to 
Satisfy these requirements are also presented in Table 


_ In connection with detailing the steel, the following practices are recom- 
Depth of steel below surface of concrete should be not 2 in. nor 
2, Clearance of steel at slab ends and should be from to 
a For welded ' wire, , fabric laps should be to not less than the spacing of the 
wires, In this case the minimum would be 12 in. for end bas and 6 i in. \. for edge 
and wire fabric details are shown in Fig. 2. 


-TABL E 


‘Steel area | Steelarea [| 
per foot Wire size per Wire size 

width, Ag width, Ag, 

square i square 

inches 


‘warmup aprons for heavy aircraft. designed for 1961 con- 


should be noted that this type: wire is installed with ho 


FE _ struction will be modified only for depth of slab va ” the loadings of the very 
but little, if any, ‘more ‘difficulty than: with reinforcing 


= The ‘cone rete was placed in 7 in. . and 5 in. lifts by pavers with s strike off of 


first lift, of and the top lift then n placed fin- 


‘the placement « of the wire; thus, the contractors’ paving train moved through | 


the job ata steady rate giving high and economical production, 


after the concrete was placed, Longitudinal joints inthe lighter paving sections =? 
sawed and sealed after the 1-day cure period. is to note 
- the 1956 work and — in the 1959 work cracked outside the intended saw — 


lines. In each case, the Cause was attributed to temperature 
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960 


been noted on any any of the work to 
; —— similar method was used in the design of the reinforced concrete pave- 


-ment for the critical runway end sections, taxiways, and parts of the aprons at 
the Hill Air Bunker Hill, The were heavier 


a 
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FIG. 2. STEEL DETAILS FOR WEIR COOK AIRPORT, 


in. and 17 in the reinforced sections ft 


ng. The non- sections. at 25 ft intervals. 


ing | train, 1 The finishing and jointing were routine 


coe airfield pavements controls cracking; therefore, preserves the 
ness of the sinh, reduced malatennace by permitting much nage sections, that 


night setting up stresses in the s crack ahead of 
=~. 

: 

— 
— 
> 
assis currently happening on many of our existing airports and canalso 


aT = REINFORCED CONCRETE 

be expected in the future, maintains the pavement in ante use for a greater sp span 
service life than unreinforced pavement. A definite bonus period accrues for 
= airport authority before it is to construct an overlay or replace the runway _ 
or taxiway. Most paving contractors who bid airfield paving projects are also 


“involved in the program and are usually well for nal 


anor aircraft types are involved or anticipated and 


and Rigid Airfield 45-303,Corps 
of Engrs., Dept. of the Army, February, 1958. 


4 economics of service life, cost of construction, the maintenance cycle, and the 
— probable”—-the weight and frequency of future aircraft operations—as a 
leads to a recommendation for the use of wire reinforced concrete pave-_ 
ie 
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engine and light twin-engine aircraft. Standard dimensions are suggested for 
= out tie-downs, and various geometric configurations are analyzed. The 


. operational functions of the apron arethen reviewed with respect totheir needs 


we 
i In visiting numerous airports, the writer has Ps dae — of the variations 7 
existing in the methods used for the tying down of light aircraft. _ The lack of 
-. uniformity among these methods created an interest infinding ifthere was 
one best method. If sucha design or method could be found, it would not only | 
ee for easier - operations, but benefits would also be derived from more 
_ efficient use of the apron or from reductions in the area constructed. — It often — 
: appeared that only after an apron was constructed, was any thought given as to 
how it would be used. A typical result ; was that at one airport you might find a 7 
separation distance of 55 ft between rows ¢ of parked aircraft and 40 ft at —_ 
next. | This paper, then, is partially directed toward suggesting separation dis- 
tances and tie-down configurations for single- and twin-engine 


a Note.—Discussion open until October 1, 1960. To extend the closing date one month, = 
_ a written request must be filed with the Executive Secretary, ASCE. 4 This paper is part. ot 
7 of the copyrighted Journal of the Air Transport Division, Proceedings of the American 
Society of Civil Engineers, Vol. 86, No. AT 1, May, 1960. 
Airport Planning Engr., Federal Region IV, Angeles, “Calif. 
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1, Tie-down anchor—The method or equipment used to hold ii an 
2, Tie-down point — —The location on 2 ae: aircraft to which the tie-down an- 


3. Tie-down spacing— -The distances laterally and longitudinally 

a 4, Tie- -down —The tie-down anchors necessary for the safe ory of on ne 

~ aircraft to the apron. n. (For the airplanes discussed herein, this is two wing an- 


_ §, Tie-down configuration—The grouping of tie-downs for several aircraft 

to permit the efficient and safe of aircraft a minimum of ap- 
ron area. 


TIE 


to the apron. discussion, they ‘shall be called individual tie- down 


od and the cable tie-down method. The first of these uses an individual anchor | 


7 = for each tie-down point. In the s second, along cable » anchored a at periodic inter- - 
vals is runthe length of the apron, and the connecting cables from the wing tie- a 

_ down points are attached to it. t. In both methods an individual tie-down anchor — 

Both methods are in general use, ‘and both work well. Advocates’ of the cable J 
method claim that the cable slack acts as a shockabsorber during gusty winds. © 

— It alsohasthe advantage of being somewhat n more flexible in that the separation 
distance between the wing tie-down anchors canbe varied 
= Regardless of the method used, a chain with a snapconnector or a rope with — 
= a minimum tensil strength of about 700 lb should be used to make the connec- > 
: tion between the anchor and tie-down point. . Figs. 1 and 3 show designs — 
a constructing anchors for both methods on an asphaltic concrete ; apron. iS Fig. 2. 
shows cable connector details and anchor spacing. For Portland cement con- : 


crete aprons, bars used to form the connecting simply 


When t the method for ‘iiiteiainie the airplane fei been selected, the separa-_ 


tion distances between the wing anchors, and between the wing anchors and the 
tail anchor must be determined. This has been term ed tie- ‘down ‘spacing. Tie- 


: “points on the aircraft. Tables 1 and 2 list these distances for several aan 


:* Single-I -Engine Airplanes.. —It would be desirable to select an average wing 
a down width separation which, when the anchor was connected to the. tie- 
‘down point, would form an angle of about 45° to 60° with the pavement. This _ 
avoids a direct ect pull of the tie-down ee aad Ss increasing ” total force re- 
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DESIGN 


‘quired to it between high and low wing aircraft and 
the various models make this ‘selection difficult. 
>. An av erage of the wing - to- -wing tie-down yn point distances in Table 1 inthe 
; a value of 17.2 ft. In order for an anchor rope to form a 60° angle with the 
-apron for a high wing airplane, this distance would have to be increased by — 
about &. ‘The > wing tie-down anchor separation thus would be 24 ft. 
7 much as the single- -engine fleet is comprised of approximately 85% high w wing 
aircraft, and that inasmuch as for some of the low wing airplanes this dis- 
“tance is also adequate, 24 ft was 8 adopted for the standard. ; Distances nee between 


4% 


a 


E-DOWN 


N 


TIE-DOWN 


¢MEDIATE 


1,—TIE-DOWN ANCHORS FOR USE WITH CABLES 


The wing-to-tail distance should | also be sufficient to form an angle of 45° 
to! 60° between the ‘Tope and ‘ground, | with the anchor r being away from the air- 


point te aoeaiely the tail wheel, this angle cannot be obtained. The average > 
the longitudinal distance between the wing tie-down points and the tail point 
for single-engine airplanes if 15.0 ft. To this should be added 2 ft to avoid a 
rect pull onthe rope, making a standard length of 17ft. Once again, distances ; 
arying between 15 15 ft ‘ft and 20 ft ft v were observed at airports, all all of which were © 


Was 
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CONNECTOR ASSE 


FIG, 2. —CABLE 


NOTE: THIS ANCHOR IS USE FOR BOTH = 


- 


ABLES ARE USED. 
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3 APRON DESIGN 


Twin- Airplanes. of Table 2 ‘Shows t that there is 


airplanes . The average distance is 26.0 ft; however, this is rather meaning- 
less as the range runs from 13.0 ft to 40.5 ft. ‘For certain: of these airplanes © 4 

single- engine ‘distance of 24 ft would work very well. Since twin- engine 
_ airplanes comprise less than 10% of all the active airplanes considered forthis — 

_ Study, it therefore appears unnecessary to increase the 24 ft distance for them. | 

_ The fact that most twins are low winged aircraft is of benefit here. The stand 

ard distance of 24 ft, therefore, also would be useable for the light twin- -engine 
- airplanes. If there was a sufficient number oftwin-engine airplanes at the air-_ 

port, however, and separate anchors could be justified forthem, then a separa- 7 

tion of about 32 ft would be in order. Since this distance varies greatly for — 

twin-engine airplanes, itis recommended that afigure be selected most appro- 

priate tothe airplanes based atthe airport, 
There is little problem inthe > wing- -to-tail distance, ; as it is is nearly the same 
ass that for the single- -engine airplanes, the average distance being 18.0 ft, only — 
3 ft greater. This means that for a standard length of 17 ft, nearly a 90° angle 
will be formed. Although this is not desirable, it is workable as less lifting | 
~ force : is generated by winds at the tail section. For a tw in- engine tie- down de- 
sign, a distance of 21 ft is recommended, 


Before thetie- — can be located on an apron, not only is it neces- 
~ sary to know the required spacing for the anchors for one tie-down of an indi- 
vidual airplane, but it is also necessary to know how the anchors for a ‘number — 
of airplane tie-downs can best be integrated. The object in laying out these tie- 
_downs is to park the maximum number of airplanes in a given area, while still 

: _ making it easy and safe to taxi and park the airplane. ‘Many configurations | are > 

in use. Some of the best of these have been selected so that a comparison could a) 

_ be made of the area required per airplane for a particular configuration. ae 
_ For laying out the configurations, a standard sized aircraft with a 35 ft wing > 
Span and a 25 ft length was used for the designs. . This ; includes nearly all 
-single- ~engine aircraft anda few. of the smaller twin-engine aircraft. With the 
clearances used, it is also possible to park some of the larger twins. In or- 
der to avoid greatly reducing the clearance between aircraft while parking the 
_ twins, the airport manager should select two of the smaller single -engine air 2 
craft to be parked adjacent to them. a of the aircraft in common use ; 

certain designs, a comparison was of the requirements for 

s single and double lane taxying. Double lane taxying allows for one taxying air. a 
plane to pass another. Approximately 30% more area is required for the er 

> type operation. Double lane taxying is required only when based aircraft num- 

Aye : ber about 200, and even then it should only be adopted if ifa ‘Study of the apron 


_ In designing the configurations, the. following clearances were om: 


2. Between p: parked and moving airplanes - 15 ft (single ‘a 7 
3. Between parked and moving airplanes 10 (double lane taxying). 
4, Between moving airplanes - - 10 ft. = 
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APRON DE ESIGN 


tween parked and moving airplanes for double lane taxying, since | the times 
- that this will occur are limited, and the taxying speeds will bevery slow. Based 
_ on the above clearances, an isle width of 65 ft is required for single lanes and 


- Adoption fora configuration will depend on the following conditions: ; 
a. Number of airplanes. 


Direction and velocity ot wi winds. 


Area to be developed. 


Figs. 4 through 10 apron designs patterned 4 
actual use at airports. All of the ‘designs are usatle, For larger airports 


gether, thus requiring " design as shown in Figs. 5 or 7. When space is not at 


such a great et ag design like Fig. 6 can be used, eliminating any mov-_ 
ing of airplanes by hand, 


DESIGND. FOR SINGLE LANE TAXYING 
AIRPLANE 2,720 SQ.FT. 
‘Tle YELLOW LINE_ 
(SIN WIDE 


FIG. 4. —APRON DESIGN 


area available for ‘development is narrow or oddly shaped, it be eneces- 
sary to adopt a design that will best fit it. 

_ It will be noted in Fig. 4 that a 4-in. wide yellow line has been shown con- 
_ necting tl the tie-down anchors. - Painting this line was found quite useful where 
sit was in operation. It clearly shows the pilot where he should position his air- 


_ plane and eliminates any mix-u up in using the anchors by clearly defining each 


cal approach to figuring this size isto ) analyze the individual — of the park- ; 


— 
It woe folt thot w Ome inctification in reducing the clogrance he. 
— 
Where area Scarce Mav De necessary TO Dark tne airplanes closer 
— 
— 
— 
Zz. — 
= 
the size and configuration of the airplane tie-downs established, the 
— greatest remaining problem confronting the designer is,“Howlarge shouldthe 
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BASED ON SINGLE LANE _TAXYING 
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| AREA PER. AIRPANE 3,280 


“ 
— 
a | BASED ON SINGLE LANE 
| 


APRON DESIGN» 


sg A knowledge of these functions is paramount to the successful design of an 
oe as well as” an understanding of the relationship of one function to an- 
other. Ina well- planned apron the various functions should fit together like 
_ pieces of a puzzle, working in harmony for all its users to produce a smooth q 
operation. The role that each function plays in the operation of the airport 
_ must also be considered then, and along with this the needs of the people 4 
The following discussion will be aimed at answering these three questions 


for each of the five functions: 

a. What is its function and needs? 


c. Where should it be located? , 
Each of the five will be discussed individually, 


 over- ~night. his purpose, he should be extended the best service 
sible. This includes among others, a choicetie-down location « on a paved Pos I 
_ with easy accessto rest rooms, terminal building, andfuel. The transient pilot : 
probably wat not be familiar with the operations of a particular airport. It is 
= pertinent, ‘therefore, that he be allowed to park near the terminal, a natural 
destination, and not sent to an out-of-the- -way spot. 
_ Asthis type of apron will often be vacant, it is necessary to keep its size to 
a minimum. _ However, sufficient area should be set aside to accommodate an — 
average maximum number of transient airplanes. - During “Fly-ins” or other 
events attracting increased traffic, special areas for transient parking, often 
on grass, can be set up along with special signs directing the pilotstoit. 
‘The average maximum number of airplanes is the greatest concern. This 
will vary with the particular airport. One with an outstanding restaurant or in 
_a resort area will have a higher number of itinerant aircraft than otherwise. _ 
if the airport is already in existence, some ratio ofitinerant tobased airplanes 
can readily be established. For new airports a figure of about 10% of the based 
- airplanes can be u: used. az This should be increased by 5% to 10% if located in a 
_resort area or if the airport has some other distinctive attraction, © 


eee BASED ars AND FIXED BASE OPERATOR’S APRONS 


- based aa the the airport and for the fixed base operator. These functions are dis- 


ATI 
— 
* 


160 


“cussed for the apron areas are used fixed 
o 4 operator’ s airplanes are normally counted and tied down anaes with those of > 
He even rent tie- down space by the on | 


inert, where they are going, and except for fuel, may need other facili- 
ties. At larger airports, it may even be necessary to locate part. of the based - 


ever, to have adjacent automobile parking facilities, so that all such ti traffic: 


can be kept clear of the operational areas. ap. « on ‘al ¢ 
In addition to his needs for storage of airplanes, the fixed base operator will 

_ require a certain amountof apron adjacent to his hangar if he offers repairs or — 
other service. . This will be a clear area, probably without tie-down anchors, | 

used only for the intermittent parking ofairplanes while servicingthem andfor | 

_ entrance to his hangars. Anticipating the needs of the operator is difficult, as — 

it depends onthe business he generates. It is sometimes best to lense him land 

adjacent to the apron, , and to allow him to construct his own apron, ‘This shifts 

3 burden of deciding how much apron tobuild from the airport owner, ,and al-_ 

so relieves him of the construction costs, The airport owner, however, reer 

_ ‘retain the right to direct the operator as to where he will build the apron. — No- 

matter who oV owns or uses an apron it must have continuity with the airport Ma Mas- 7 ¥. 
For planning the size of the combinedapr aprons the number of based airplanes. 

: (including th the fixed base operator’s) should be anticipated for the next one to. 
two years, : certain percentage of the owners of these airplanes will desire 
hangars, if these are available. In the most favorable of climates this per-— 

centage will be in the order of 10%to 20% of the based airplanes. It will natur- 

ally increase for more severe climates, such as ones with high winds or heavy 7 

em Another factor affecting this percentage is the value of the airplanes. © 
For newer airplanes or twin-engine airplanesthe cost of a hangar rental is not 


too great a — of the | operating expense, 


Ifa service station for refueling airplanes is to be used, ae an apron area | 

- for this purpose must beplanned. The choice ofa service station ortruck sys-_ 
tem operation is often one of personal preference and must be decided prior to % 

Es the design of the apron system. Stations nearly always are used on airports of 


. Me A service station is most efficient if it is able to service airplanes on on all 
sides or a 360° servicing area. This allows for a maximum number of air- : 
= _ planes to park near it with a minimum of moving of airplanes by hand, if any. x 
- With this design, up to five e airplanes can be parked within range of the pumps, 
, and require no hand moving. On airports of low activity, however, this design 
; te take too great a percentage of the area, and also is not required. In this is 
q case, v% = adjacent to the apron and capable of fueling two airplanes is } ade- 


apron. ‘Attendants my! have o duties inthe terminal can watch 
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and qi give Withthis location it i is 3 easy y also” 
for the attendant to park by hand any airplane left at the station for fueling and - 


down. 


UNLOADING APRON 
larger general airports, there is is often a need for an unloading 
apron. _ This apron will be used by c charter aircraft for | ‘discharging or enplan- 
_~ passengers, for business aircraft, or for anyone who wants to stop for 7 
7 minutes to complete some business. Its size should be adequate to accom - 


- modate two average airplanes or one of the larger twin-engine type : airplanes. 
Its be directly in front of the 


‘The apron area is best located near the middle o of {the runway and 
the side nearest the main road. Terrain or airport boundaries, however, may | 
dictate that this practice be “changed. When this is the case, all that can na 
done is to select the most level area affording the greatest expansion witha — 
minimum ofgradingcosts, 
_ The size of the complete airport apron will bedetermined by the sum of the 
wie of the five functions previously considered. In designing this, the various _ 
functional aprons ‘should first be interrelated. -*Fig. 12 shows one way in which — 
this can be done. Each airport will require its own analysis. Approximations 
as to the overall size are sufficient to start with. After a basic plan has been — 
established, taxiways can be added, tie- -down configurations adopted, and exact | 
dlmensions given to the areas to accommodate the required aircraft. 
_ Provision shouldalways be made inthe beginning for additional growth of the 
apron. It is usually unwise, therefore, to place buildings a at the apron ends, | as 
is often the only direction for expansion. Thetie- down: configuration should 


also be chosen with expansion in mind. If not, it may be later necessary to — 
waste area or to remove and to install new anchors. — ae ae 


CONCLUSIONS iS 


= of the airport. This should encompass the type, § size, », and number of le 
aircraft that it must support. From this information he will be able to select 
standards which will insure efficient act, then, 
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SYNOPSIS 


applicable to irphoto procedures devel in cold regions. “Included a are: (1) 

_ consideration of the regional environmental aspects of the area; (2) detailed 
te study of the minute characteristics and configurations composing the pattern; 

8 and | (3) ) recognition < and evaluation o of the : surface configurations which are the. 

‘result, “specifically, of permafrost and/or frost paper 


“INTRODUCTION 
na The ‘purpose ot this paper is ; to discuss the use of aerial photographs asa 
means of getting information about surface materials and their condition which 
will assist in solving problems of scientific, engineering, or military nature in ; 
arctic, ‘subarctic, and polar areas. _ This discussion is limited to: a (a) a short — 
review of permafrost and severe frost activity as an arctic - subarctic prob- — 
lem; (b) a brief review of the airphoto method of obtaining information; (c) de- | 
_ termination and evaluation of the regional environmental aspects responsible 
for permafrost and severe frost action and related problems ; (d) identity | and 
‘significance of minute photo pattern features; (e) direct permafrost and frost | 
activity indicators; (f) a typical analysis; and (g) a few concluding statements. 
Note. —Discussion open until Gctober 1, 1960. To the closing date one month, 
a written request must be filed with the Executive Secretary, ASCE. This paper is part 
of the copyrighted Journal of the Air Transport Division, Proceedings of the — 


of Civil Engineers, Vol. 86, No. AT 1, May, 1960. 
1 Supervisory Civ Engr., , Chief, Photographic Research Branch, US 
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of deep drilling programs that the permafrost condition 
varies in thickness from a few feetin milder portions of northern lands to over - 

x « 000 ft in favored locations, in extreme northern areas. Ona regional | basis, 

the presence of permafrost in an area is largely dependent on climate. On a 

local basis the type | of permafrost occurring is largely a function of the — 

% al and physical local environmental features. _ This includes topographic po- 

sition, landform, slope, exposure, vegetative cover, surface drainage, and soil- 

parent materials. Evaluation of these features, whether accomplished 
- ground inspection or by) the use of airphotos, is of paramount importance in i. 
planning any activity which will disturb the surface features in arctic and sub- 

With regard to the effect of permafrost on engineering design, location, and 
construction it has been found that both good and bad soil situations occur ins ~ 
_ permafrost regions. The importance and severity of permafrost as a problem | 
_ condition is largely a functionof the ice-soil relationship in that portion of the 
soil/rock mantle having a temperature below freezing. For the most part the 
good construction areas contain well-drained granular materials which occur _ 
_inelevated positions in comparison to the surrounding terrain. Coarse-grained 
Soils (boulders, gravels, coarse sands) having little or no. moisture content may 


exist ina loose, friable state even though the temperature may be below freez- -— - 


ing (Figs. 1 and 2). In depressed or poorly drained positions, such soils a q 


be saturated and may exist in a solid state because of the frozen interstitial 
water. In either event such soils can withstand thaw and disturbance without 
ae The most adverse permafrost condition is that related to fine-textured soils 
containing a large percentage of ice in the form of crystals, lenses, wedges, . 
sills, or massive accumulations of ice (Figs. 3 to 6). When such are situated _ 
low topographically or on extremely flat areas, the permafrost problem be- 
- comes extremely critical. Identification of this latter condition is important _ 
because e thawing of this type of frozen soils is accompanied by severe 2 volume — 
change ‘and loss of supporting power. Often the ‘structures will experience se- 
vere distress almost immediately following construction (Figs. 7 and 8). Thaw _ 
is usually continuous under heated structures which have not been insulated - 
properly from the ground surface. The destruction, or merely | disturbance, of 
_ the protective natural insulation renders such frozen areas non-useable for & 
structures and non-trafficable for most vehicles (Figs. 9 and 10). Recovery of 
_ permafrost of this type in disturbed a areas is 5 extremely slow, even after com-_ ih 
pletely abandoning a disturbed site. 
The permanently frozen soil mass is overlain by an “ active layer” which 
— freeses and thaws every year. The active layer is critical from the standpoint 
of movement of soils contained therein c due to frost activity, gravity, solifluction, 
- and other forms of earth-movement p processes. Ih areas where : a high per - 
_ centage of silt occurs in the active zone, consideration of the active zone be- 
- comes more important than considerations of the permafrost zone for certain e 
_ types of structures, particularly th those structures which cannot withstand sea-— 
‘ - sonal movement for successful performance. It is important that the proper- 


ties of the | active zone be determined so that disturbance of the often delicate 
= 


PERMAFROST, SEVERE FROST ACTIVITY AND THE PROBLEM Zz 
a _ Permafrost is a condition of earth materials, including bedrocks, which 7m 
7 = | exists at temperatures continuously below freezing in a generally solid state. a aa 
areal extent of permanently frozen soils is quite large. About one fifth of 
3 
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FIG. 1,—PORTIONS OF RANULAR TERRAC 
ARE WELL DRAINED AND — 


UT IN THE O UTWARD | PORTIOD 


AT 1 AERIAL PHOTOGRAPHY > 


FIG, 3.—TEST PIT ACROSS A POLYGON EXPOSING ICE WEDGES» 
_ WHICH OCCUR BENEATH POLYGON CHANNELS, 


» 

FIG, 4.—LEDGES OF ICE IN SILL FORM IN VALLEY FILL DEPOSITS, 


ICE IN FINE SOILS" 


FIG. 6.—MASSIVE GROUND ICE ON FROZEN SAND AND SILT BEING 
‘oe _ UNDER CUT BY THAW ACTION OF THE WATER, is 
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FIG. —ONE OR’ Two PASSES WILL DESTORY THE INSULA- 


y ‘TION AND RESULT IN A SEVERE THAW. 


10. —CONTINUED TRACKING OF VEHICLES WILL 
SOON RESULS INA SERIES OF OF CANALS. 
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thermal regime can be minimized. In an undisturbed State the active layer, 
together with its protective | cover, plays an important part in preserving the 
permanently frozen layer by protecting itfrom the summer heat. 
be The engineering problems are contingent on the presence or absence of 
permafrost, which type exists, susceptibility of the active zone to severe frost : 
_ activity, and where the structure is withrespect to the permafrost- -active zone ~ 
: profile. Structures confined tothe active zoneare subjected to seasonal freez- 
ne ing and thawing which will be accompanied by considerable movement if the 
é "soils are finely textured. . This is particularly objectionable for suchstructures | 
as highways, railroads, power lines, buildings, pipe lines, and utilidors. The 
7 periodof most severe damage is duringand shortly following the spring break- — 


- up. ‘It is during this period that paved and unpaved road and airfield surfaces o 


the greatest distress (Fig. 11). If situated high topographically, such 
areas may recover rapidly once the frost leaves and the water drains away. If. 
_ Situated i in depressed or flat _ topographic win such soils may never —. 
- Structures placed o on frozen materials ‘having low moisture content do not 
‘usually experience serious damage from the resulting thaw. Airfields, run-_ 
ways, , roads, and buildings have been placed on frozen sands and gravels and 
have performed satisfactorily not only following construction but throughout <i 
. = breakup seasons as well (Fig. 12). _ There are, however, often local | 


areas containing much ice which lies within the bounds of ary frozen materials 


mental of a an area a by field The far northern latitudes 

perience a very short summer field season. Many areas which offer good po- - - 
- Ferien for the location of large structures are almost completely inaccessible 7 
to. present day transportation means (1960). ‘The strategic importance often 

creates a great urgency for obtaining information about remote areas which = ; 


f 
; airphoto ar analysis and interpretation, fulfills the majority sof these ‘requirements ; 


METHOD OF OBTAINING INFORMATION 


_ can be used in all problems concerned with earth-surface features. It is be- 


The more reliable methods of obtaining information are based on research 7 
which was designed to coordinate aerialimagery with ground sampling in 
that the many variables affecting information content in a picture could be de- 
fined andevaluated. Aerial images utilizing a broadrange of the visible portion Th 
_of the spectrum had to be tested for their faithfulness of representation of 
ground features within the wave length spread utilized by various films and a 
filters and the system used. . This research has proven fruitful from the stand- 
point of conventional optical photography. _ Interesting and significant trends — 
are being established for sensor systems which seek information | wail — 
visible portion of the spectrum. = = 
: ‘The use and application of aerial photographs in arctic and subarctic areas 7 
follows the same general analytical procedures which were developed in and Es 


which are applicable to temperate climates. The completely analytical metho 
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— Identification, analysis, and evaluation of the soils and permairostoccurring 
“Al an area or deposit in the arctic, Subaetic, and polar regions being con-— — 
sidered for engineering use. becomes a crijical matter. Often time does not 
| dy 
> 
“Say 


FIG, a. —SEVERE ROAD FAILURE RESULTING FROM THAW fag 
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of using airphotos for obtaining iteration about the soil mantle and its con- 


—_ dition (frozen, frost acting, etc.) consists of applying logic and deductive rea- 
b soning to: (1) consideration of the regional environmental aspects of the area, 
(2) detailed study of the minute characteristics and configurations composin :- 
ns 


_ which are the — ‘Specifically of persantrost and/ /or severe frost activity. 
ENVIRONMENTAL ASPECTS _ 
Regional consideration includes geography, physiography, and 
mate. The geographic aspects include physical and political location, size and 
of the area, boundary conditions, proximity to major land ‘masses 
bodies, and major interest or cultural pursuit. Much of this, by neces-__ 


sity, must come from other sources. 

_ The study of physiography is concerned with the relationships which exist © 

between the major land units or land masses on a regional basis. ‘The present | 

landscape is an expression of all of the forces which have contributed to its 

a development. ‘These forces are related to deposition, erosion, orogenic move- 

= ment, or any combination of the three. Consideration of the physiography of 

ana area provides: an important clue about the materials and their physical | 

4 subarctic landscape is altered 
to varying degrees by certain of the processes related to permafrost and a 


_ vere frost activity. The most severe alteration occurs on land masses having 
a fine-grained soil and/or soil- -rock mantle in which the confined forces of 
- freeze- thaw and gravity result in : ‘severe surface movement. In such instances, 
4 the arctic landscape appears considerably rounded—slopes are soft and — ; 
_ of movement occur everywhere. Coarse textured soil mantle and/or resistant 
: rocks | create the most rugged forms and slopes. I In sloping areas the — 


whlch or r top of the permafrost often acts as a good slipping zone or plane over , 


which the materials in the active zonecan move. 
From the standpoint of geology, the analyst is interested in origin of de- 
i posits and the sequence of events responsible for development of the landscape. a 
Each major parent material, whether developed in place and considered re- 
4 a sidual or transported by the action of wind, water, ice and/or gravity, has its 
_ own identifying pattern characteristics. _ Determination of the geology a 
* the type of materials expected to be found as wellas degree and type of perma- 
; 9 If meteorological data are not available the general climatic condition can 
. be obtained from the airphotos but by inference only through the study of vege- 
tt tation (its type and distribution) and by study of the erosional features. . Know- 
ing the general climatic condition under which the area has existed and under _ 
_ which the soils have formed from a given parent material gives an additional 
i clue to the type of soil, the profile development, and, to a limited extent, »perma- 
| frost and the susceptibility of seasonal frost activity. If the 1 regional analysis 
has been successful, then the analyst knows something of location, size, and | 
_ major area interest; has learned much about the physical expression of the 
major topographic forms; knows how v the deposits were formed and what pro- 
cesses were active in shaping the area and what the major parent ‘entetals 
and; from the climatic indications, he has a good idea of or 
— sence of permafrost and/or the severe seasonal frost potential. The regional 
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with landform - parent types. The landform, "parent 
types s provide 2 a basis for understanding what to expect with respect to prob- = 
related to location, esign, construction, and, Possibly,» maintenance of 


Bach earth material is identified by the pattern features or elements, which t. 
a it reflects. The common elements include landform, drainage, erosion, vege- 
_ tation, tones, cultural features, and any unique or special features. It is to be © 
: oH stressed that detailed stereoscopic study of pattern elements results in deter - 
imation of physical characteristics of materials and their state or condition. 
The presence of permafrost and/or severe frost activity does exert consider - hi 
able influence onthe appearance of some of the pattern a of fine- — 
wo __ Analysis of the landform results in obtaining information about the co compo- | 
Ea sition of a deposit both areally and vertically. Landforms related to coarse- 
= grained materials are little altered by the presence of permafrost | while = 
- which contain fine-grained soils may be altered considerably (Figs. 13 and 14). Ps. 
_ The surface characteristics will be altered considerably by severe frost ac a 
_ tivity if the active zone contains fine-grained soils and a source of moisture. 


‘ _ Topographic position 7 important in determining the type and degree of perma- 


4 


grained ‘materials ‘offer 1 no o particular problem. The upland areas which con- 


tain fine- -grained soils in depressed position can be expected to offer serious 

- difficulties. The most severe topographic positions are related to the transition 

zones» between high and low areas where the low areas are receiving fine- 

"grained mantle from higher positions. Slope and exposure are items which 
must be studied in great detail since they greatly influence permafrost and = 
thickness of the active layer. In general, the active zone is much thicker on | 
— south- -facing slopes than on the north- -facing slopes. This is of considerable a 
_ importance from the standpoint of of engineering materials situ- 

Bie The drainage pattern reflects such things as topographic arrangement, gen- 

eral porosity, relative depth of soil mantle (if present), type and depth of rock 

(if present), and the areal extent and structure of either mantle or rock beneath 
the mantle. The plan or pattern i is altered by the presence 


Erosional provide an n important clue to 
uniformity of a deposit. In warm environments such characteristics as the 

_ gully arrangement, cross section, and profile are related to soil texture, soil 5 
structure, profile development, slope, and st state of ground. In general, changes" 

‘t any of the reflected characteristics means changes in “materials or con- 

dition. Permafrost alters the erosional aspects of fine textured soils com- 
‘For the most part frozen soils erode by thaw which can be induced either 
naturally or through activities of man. _ A sudden increase in surface water in 
‘hilly areas may result in severe damage or possible destruction of ce water in i 
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an 13. —THE CHARACTERISTICS OF THE LANDFORM OF A WELL 


DRAINED GRANULAR TERRACE ARE LITTLE ALTERED 


FIG, 14. SURFACE ‘CHARACTERISTICS € OF ‘PERMANENTLY FROZE 


COVERED TERRACES ARE ALTERED CONSIDERABLY BY 
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Lies. FIG, 15.—DESTRUCTION OF POLY YGONS BY THA 


FIG, 16. —CONTINUED THAW OF POLYGONS RESULTS | 
SERIES OF SILT MOUNDS. 
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1960 
estruction< of the net by thaw and removal is often ‘rapid. The ice in the chan-— _ 
el thaws first causing a visible subsidence in the vegetation mat (Fig. 17). ail 
rete on the surface of a polygon area then a drainage pattern of geo- 


metric regularity is exhibited— - this is also easily recognizedon airphotos (Fig. 
18). Continued thaw and removal may result in leaving only isolated soil mounds » a 


Another common erosional feature in areas is the occurrence 


ping waves of the ocean, tends to induce waterline thaw which contin’ in ienk- 
ing off large blocks of frozen material. _ Thermokarst lakes provide another 


form of thermal upset in permafrost areas which results in a recognizable 
pattern on airphotos (Figs. 21 and 22). Thermokarst lakes are depressed basins 
_inpermafrost areas which are believed to have been formed by thawing of large 2 
masses of ground ice in an unstable permafrost regime. % The lakes often are 
characterized by a scalloped or serrated shore line, and when occurring in 
_ timbered areas they are fringed by leaning trees (Fig. 23). In good quality air - 
photos it is possible to see overhanging mats of vegetation along the shore line 
F: of such lakes—another indication of thaw. _ One form of thermokarst pattern 
- accompanies the sursurface thaw of polygons. The thawing actionis influenced _ 
_ by ground slope, exposure, vegetative cover, soil texture, and surface water. 
_ If a polygonarea has been upset by subsurface thaw, perhaps as a result of the 
_ destruction of the native cover, considerable subsidence occurs which results — 
* a hummocky area having a pattern which is easily recognized on airphotos. — 
One of the most common types of gully systems in permafrost regions is 
_ that associated with “button drainage.” Button gullies are usually found in as-_ 
- sociation with polygon areas which are in the initial stages of thaw. _ Thawing- 
_ usually starts at the intersection of polygon channels and small circular pools 
7 of water result. Usually flow is hardly perceptible. A chain of connected but-— 
tons forms pattern (Fig. placer -type gully is another erosional 
= feature common to permafrost areas and usually reflects undesirable perma-_ 
frost conditions. © Gullies of this type exist as broad softly rounded — 
“which do not contain a definite channel. as 
 turbed, an upset by thaw will not result. Great quantities of water are 
in the vegetative mat, which retards the flow and prevents erosion. | o_ 
es Vegetation is an important pattern element as certain species we used as 


_ indicator species. The vegetation in an area provides a single expression into 
which are integrated all of the significant physical, chemical, and biological 
7 “ factors brought to bear upon it. Vegetative cover is of importance in arctic 
regions because of the protection afforded to the underlying permafrost | and m 
provides" clues to type and degree of permafrost and conditions in the active 
4 zone. In timberedareas white spruce-paper birch forests occur on both frozen Ke 
and unfrozen soils; black spruce- -tamarack stands grow on frozen muskegs; _ A, 
aspen occurs on dry unfrozen, ‘south- -facing slopes; balsam-poplar stands are 
- confined to sites adjacent to active streams having moist, sandy soils unfrozen 7 
nl - to a depth of at least 10 ft or more; pure, dense, willow stands grow on bare | ae 
_ river bars which are unfrozen to 10ft or more;and pure alder brush occur on 
wet t peaty soils frozen at a depth of 30 in. In tundra areas the cover includes _ 
: niggerheads, mosses, sedges, grasses, lichens, berries, varieties of tea, 
_ dwarf birch, dwarf willow, low brush, and cotton sedges. Trees and large bush-— in 
es are > not be oe in tundr: . Alders grow on slopes of hills and in major a _ 
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FIG, 17.—AS THE ICE INA POLYGON CHANNEL THAWS THE OVERHANGING - 


 - FIG, 18.—FREQUENTLY GULLIES EXHIBITING A GEOMETRIC 


DESIGN OCCUR IN POLYGON AREAS, 
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NDERCUTTING OF STREAM BANKS BY THAW LEAVES © 
LARGE BLOCKS OF FROZEN SOIL UNSUPPORTED. jenna 


1 


AERIAL PHOTOGRAPHY 


IG, 21. THERMOKARST LAKES WHICH HAVE RESULTED 


W OF 
THAW O OF GROUND ICE, 


22. —SMALL THERMOKARST LAKES, 
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—THAWING STREAM BANKS-ARE OFTEN 

ZED BY LEANING (“DRUNKEN”) TREES. 


FIG, 24.—BUTTON D THE OUTSTANDING 


RIAL PHOTOGRAPHY 


often 12 ft to 14 ft high, occur occur along the wi water courses in | parts s of the e Alaskan © 


‘The element photo tones provides an additional clue concerning the materi- 
- als and their condition. For the most pa part, changes | in tones reflect changes in 

materials and/or their condition. The tone differences must be evaluated with = 

respect to topographic changes, vegetative changes, and/or land-use changes 


e their true significance « can be determined. The presence of permafrost : 


result in an appreciable . darkening of tones because of the often higher 
moisture content of the active zone. — Depressed areas of fine-textured soils 4 
will usually reflect the darkest tones. Areas in which considerable frost ac- _ 
_ tivity occurs, as suggested by the presence of many frost boils, may reflect a 
_ very light tone if photos are taken after the surface materials have dried. __ 
_ Cultural seatures on the airphotos are the reflections of man’s activities. 5 


which he is ‘The activity may reflect some degree of adjust - 
ment to the terrain thereby becoming, in part, an indicator of materials and — 

- conditions. Alterations of arctic - subarctic terrain features, in permafrost 4 
areas which are predominantly silty, are often severe. Once the \ vegetation | 
destroyed and the thermal regime has been | upset, | a severe thaw i is induced. _ 

This condition is easily detectedon the photos. 
Special features, as a pattern element, are dependent on some inherent — 

- quality or characteristic of the material or deposit. _ They are usually unique _ 

may not be found in association with an unlike material. In arctic - sub- 

: arctic - polar regions there are many features related solely to the perma- 

frost regime and/or very severe frost activity, and if recognized become 


‘DIRECT PERMAFROST ACTIVITY INDICATORS 
Recognition of many wie severe frost activity features is often 
= relatively simple provided that the photo scale and photo ony are such that 
In many permafrost areas polygonss are among the more mark- 3 
ings easily recognizable on photos of suitable quality and scale, withthe e exception 


of areas mantled with a dense forest cover (Figs. 24, 26, and 27). Polygons re 
are direct indicators of the presence of permafrost. Polygons, in general, are 
_ confined to unconsolidated materials which have been rendered solid by freez- | 

; ing. In most instances the Polygon indicates an | undesirable soil ‘situation— —one 


= parent material, and drainage since exceptions to the ice-soil relation- 
ship | associated with the > majority | of polygons do occur . When | they are found 
in association with silt soils it usually indicates ice either in wedge form or . 
_in massive layers depending on the type of polygon found. Polygons with raised _ 
centers and a continuous channel as an outlining perimeter contain ice in wedge | 
form beneath the outlining channel. Polygons containing a depressed center = 


> = a perimeter consisting of a dike usually occur in association with fine- 
textured soils in depressed topographic situations. The center portion is usu-— 
ally under layed by a layer of ice. It is the latter type of polygon which is _ 


__ haps th the most critical when encountered in engineering construction. 
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3 FIG. 25.—POLYGONS ARE AMONG THE POSITIVE INDICATORS 
OF PERMANENTLY FROZEN SOILS, 
Fans 


“# ONE OF THE MOST UNDESIRABLE 


tm: 
—_ 
RE ASSOCIATED i 


Frost neste of more outstanding features of the 
frost pattern. The largest ones, often called pingos, occur only in areas of - a 
~ coastal plain soils (Figs. 28 and 29). They are easily recognized by their dome- a 
like or conical appearance and by their topographic situation, which is usually | 
in the central portion of a basin or old lake bed. It is believed that they are ~ 
the result of upheaval of the surface from subsurface ice pressure, , which may 7 


reflect sources of water under great pressure below the permanently frozen 


7 bas ‘The various forms. of soil movement related to ‘frost activity and liaise on 


= ground create striking airphoto patterns. e- some instances entire 


_ the processes of solifluction are active agents of erosion and land do- 
struction. The earth runs or flow onsist of non- ~sorted i 


ie 27. —VERTICAL AIRPHOTO OF AN AREA CONTAIN- e. 


is ; present it tends to resist the ésoumeré Ree ke until the load of frost- 
a gravity moved rubble becomes too great and a rupture occurs. In areas where 
* vegetation i is is sparse the soil flows usually extend unbroken for —_. 


ference in elevation between the flow ridges and the intervening swales affords 
_ protection to the plants. Rocky slopes are marked with long streamers of rock > 
slabs and fragments. The foregoing features are easily detected on good quality 
These markings indicate a very undesirable frost which 


— ings include irregularly shaped flows, vegetation stripes extending down the 
— 
7 Of Higher moisture Content 2 voocotative Cover “The very slight oi 
Warm periods, and icing conditions during the winter months. Any use made 
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IG. 28.—OBLIQUE PHOTO OF A PINGO IN THE ARCTIC COASTAL PLAIN. © 


OUND VIEW OF THE PINGO 
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 -FIG, 30.—OBLIQUE PHOTO OF A 


fe) 
Many arctic dw 
are related to frost activity in the mantle or in-the active layers (Figs. 32 and a) 
$3). ‘In flat areas, the mounds are circular but tend to elongate with changes ms 
& in slope. Mounds vary considerably in their size , shape, arrangement, and 
; "manner or origin. . Some are believed to reflect the action of silt soil being a 
forced upward through cracks or holes in the active layer and spreading out 
ver the tundra vegetation. Many bouldery areas are marked with numerous E 
“small circular areas of fine-grained soil which appear to have worked up through © 4 
the mass of boulders. a In glacial till areas which are > predominantly silty, the 
entire active zone appears to be constantly undergoing frost action turn over. a 
_ Boulders appear tobe working out of the ground in flat areas. In sloping areas, 


_ they are in process of burial from flow from above (Fig. 34). In areas swept | — 


@ 


by high winds the silty soils are carried away as soon as they reach the sur- 
face and dry out, thus, leaving a surface which resembles a “desert pavement.” | 
Such are misleading as as the impression of granularity is cre-— 


a = ‘on method of obtaining information: about earth surface features. It is inine- 


Area I. —Aside from location, the environmental factors were ob- 


tained from study of a large number of photos assembled into mosaic form. 
_ The study area is situated in Northern Alaska, -horth of the Brooks Range and 
; just west of the big bend of the Colville River. The study area is crossed ho 7 
: Colville River. From the physiographic standpoint the entire study area i 
lies in an upland plateau which is situated between the mountains to the south 
and a vast coastal plain to the north. +The area is often referred to as “Arctic” 
; Piedmont”. or “Arctic Plateau.” The upland is characterized by gently 1 rolling 
4 topography which is everywhere rounded except along the Colville River. 
- decided east- west trend of major forms is in evidence. The Colville, as sit 
crosses the e area, has cut a rather deep vailey in the upland. -In places, steep- or 
sided bluffs rise several hundred feet from the valley floor - The valley is 
quite broad in places and contains several terraces situated between the flood > 
plain and the upland proper. low topographically and 
a From a geologic standpoint the area appears to be composed of gently dip. -_ 
ping strata of interbedded hard and soft rock which is overlain by an unrelated 
mantle of varying thickness. It appears t that the softer materials occur in the — ‘J 
thicker beds. An occasional prominent “ridge provides a significant breakto 
the generally rolling landscape. The structure generally strikes east-west. _ 
_ The presence of the unrelated mantle is suggested by the over all softening of | 
uplandslopes and by drastic changes in slopes associated with intense erosion. 
‘i From the climatic standpoint, the area exists under generally low rainfall 
- conditions in an environment of cold winters, and short, but relatively warm, 
summers. There are ample indicators which suggest the presence of perma- ; 7 
= which establishes the cold area is warm enough in the 


+ 
— 


32. LLSIDE MARKED 
SOILSTRIPES, = = 


ae 
— 
— 
— 
— 


FIG 


~ 
of 


oF — 
— ESD. — 
Sa 
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Ss about ice-soil relationships. ihe 36 is a copy of one of the cuutnct: 
‘prints which has been marked to show significant features. . First, the area of 
_— the single photo has been divided into three major landforms —upland, terrace _ 
and flood plain. The upland consists of a portion of a dissected highland (pla- 7 
- teau) having, generally, softly rounded slopes. The slopes are brokenin places 
3 by prominent rock outcrops (R). % This combination of features suggests thick — 
ae layers of soft material and thin layers of a moreresistant material. Since there i 
& is a repetitive lineal pattern it is probable that the rocks are slightly dipping. _ 
The terrace area appears to be composedof two terrace surfaces, one of which 
is quite broad and the other occurring as scattered terrace remnants (TR). The 


= 


: upper ‘surfaces are not at the same elevation. "Boundary conditions of the <3 


"between terrace and flood plain in places. Separation has been based on other 
_ pattern features. ‘The f flood plain contains the stream, islands, bars, and other 
wal The drainage pattern of the area, on a regional basis, is trellis in plans sug- 
_ gesting that the area is composed of layered hard and soft tilted rocks. The 
second and third order streams, and those which have not cut deeply into the ~ 


do not appear to be controlled by y the rock nin structure. more 


9s provides information 
4 
— 
| 
| 
— 
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below, a change in plan and stream profile occurs. a 


in the rocks . As the upland through the and the crock 
+The erosional features reflect the permanently frozen of the ma- 


terials. Upland gullies include placer-type gullies lined with intense polygon ’ 


(GPo), parallel gully systems (GPa), and button type gullies (GB). 


parallel gullies discharge on to the terrace and do not continue across the ter- md q 
race. The button gullies also discharge on to theterrace but extend for a a . 
_ siderable distance outward. The circular pools are larger on the terrace than — a 
in the upland position of the same gully system. . There is no well- -developed — 
 eurface drainage system on either the flood plain or the terrace. ae ee 
_‘Tundra- type vegetation prevails throughout. There are no indications that 
barren conditions prevail. It is probable that the terrace and upland s supports . 


- grasses, berries, mosses, and dwarf varieties of willow and birch. Larger 


_ plants occur along the water courses. Willow, perhaps 4 ft to 5 ft high (Vw) a ; 


occurs on the better drained granular soils of the islands and bars. Alder _ 
a thickets (Va) o occur on cold wet soils in 1 the flood plain. ares sc me 
Open- -water areas 
are black. _ Some of the, generally, wet areas are dark grey. - Tones, in this — 
instance, are related more to the predominance of light green of the > vegetation 
than to the actual color of the mineral soils 4 
There are many special or ‘unique features which are in evidence and which 
lend strong support to permafrost and ice-soil relationship. Permafrost fea- 
tures in the upland include button-type gullies (GB), polygon lined placer gullies . 
(GPo), “geometric” (those whose thread follows a series of polygon channels) 
gullies (GG), large thermokarst lakes (LT), areas of depressed-center poly- 
gons (PD), area of raised-center polygons (PR), and thawing polygon channels’ 
(PT). Permafrost features on the terrace include extensive areas of depressed- _ 
center - polygons (PD), extensive areas of raised-center polygons (PR), button- 
: a “type gullies on theterrace remnants (GB), large rectangular polygons on higher 
- andmore granular parts of the terrace (PR,), and numerous abandoned meander 
lakes” which are being obliterated by vegetation invasion. _ Thus, the upland 
= can be expected to be frozen within perhaps 12 in. to 18 in. of the sur- 
face K In areas protected by thick moss the active zone may be within 6 in. to 
«212 in. On the terrace, the light-toned terface remnants can be expected to be 
unfrozen for 4 ft to 5 ft during the latter part of the thaw season . One type. of 
fs adverse soil permafrost conditions are associated with the depressed- center 
- polygons (PD) as the major portion of the upper few feet will contain much ice. a 
oa Another is that related to channel type polygons (PR) in which ice will ll occur = 
in wedge form beneath the channels. 
mm From anengineering standpoint the upland soils consist of a semi- -granular_ 
to non-granular mantle of varying thickness on sandstone and | shale. The mantle : 
is shallow in areas having prominent topographic breaks. . Local valleys are 
filled with colluvial soils which are, generally, fine- -grained. _ The most seri- 
7 ous permafrost conditions occur on sloping ground, in the upland rant ; 


id ci situations, and on polygon ground. Shallow cuts are to be avoided as they will | " 


not intersect rock and severe thaw will occur. 5 _ Deep cuts which extend to the Ee 
sandstone and utilize the sandstone for support will be permissible but will be 
Aid difficult to do because of the disturbance of the surroundings. Runway orin- 4 
_ tation which is coincident with the long sandstone ridges will offer one feasi- 
ble > solution. All valley -fill type gullies, depressions, side-hill situations 
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AERIAL PHOTOGRAPHY 
Bs The higher portions of the terrace (TR) consist of frozen mnt on gravel 

a with scattered areas of fine-grained soils on the surface. Limited amounts of 
granular materials are available for borrow when the seasonal thaw has reached | a 

a maximum. The remainder of the terrace is low and marshy and contains 
considerable subsurface ice. The soils are predominantly fine-grained with _ 

considerable in the upper part. ~The terrace remnants will offer good sites 

‘ for buildings. .* In this location, they ; are too small for use in runway location. % 

_ The remainder of the terrace area should not be disturbed. If it is necessary 
to utilize any portion then end-dump-fill procedures should be followed. The = 


about earth-surface materials and condition in arctic - 
‘subarctic regions, it is is well to point ont a few of the more re results 


_. 1. Accurate determinations of soils and p permafrost conditions employing 
- photo- -interpretation techniques is contingent ona background in some of the 
- earth sciences as well as some phases of civil engineering, experience in the . 
“ arctic and subarctic, cognizance of the relationship between the areal soil pat-— 
* terns and engineering problems, a keen imagination, and the ability to apply 7 
_ processes of logic and deductive reason to the analysis of physical features as 
Pm _ Proficiency in using airphoto analysis techniques makes it possible to 


4 
‘susceptibility, can ‘be predicted in most situations in the arctic and 

The general physical characteristics of soil- -parent ‘materials’ as 


any... for engineering constructioncan be identified and delineated with 
in most regions throughout the arctic and subarctic. 


- ment, andnatural densities cannot be obtained by direct photo analysis methods. 
_ 6. It is not possible to determine the suitability of granular material — 

_ aggregate for Portland cement concrete or bituminous concrete use. a -_ 
ne ao In many instances it is possible to predict the presence - and type of 


8. In areas where rock is being considered for use as a source of engi- 
materials the following information can be obtained from 


sical properties as grain size, structure, engineering limits, profile develop-_ 


j 
: 
by 
— 
ing ana presence OI an overpuraen, ianasilae potential, tr icapllity con 
aimee. | _ of both the site and access routes to the site;and presence of talus materials. i 
iim 


i “When talus : talus iain is being considered, proper use of the method will | 


_ often make it possible to _ distinguish between those materials which are dry and > 
-unfrozenand can be excavated, and those materials whichcontain considerable 
fines in their mass and which are frozen and cannot be excavated by normal 
10. Iti is not possible to predict the amount of material, either rockor or granu- 
lar, expected to be obtained from aquarryor pit. 
«From a trafficability standpoint, the trafficable and non- -trafficable 
“ areas can be identified and delineated for heavy construction equipment use bag: 
eh In undeveloped and unmapped regions airphotos can be used to great 
_ advantage inall activities pertaining to airfields, highways, and other engineer- 
_ing works by making general engineering soils and drainage maps which show 
¢ good and bad soils based on anticipated performance. .? ee 
es 13. A materials survey effected through the use of airphotos ys can be done 
more rapidly, more efficiently, more accurately, and at a greater savings in 
i. _ 14. The principles as developed in the temperate climates have found con-— 
siderable application in the arctic and subarctic and it is believed that they can 
J x be applied to any other region, regardless of climate, where engineering studies 
involving the natural Physical features are concerned. 
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ASPHALT CONCRETE FOR AIRFIELD PAVEMENTS 
impson, 1H. J. Sommer er,2 R. L. Griffin,3 and T. Miles,4 F. ASCE 


‘enna of otha load, ‘fuel spillage, and jet blast have led to the development ‘of 
a new type of paving material called epoxy asphalt concrete (EAC). Conven- 
tional hot-mix asphalt plants and paving equipment are used in its production. 

_ This material has Marshall stability values of 15,000 lb to 20,000 lb and is 
capable of withstanding tire in excess of 1,000 psi. In repeated 


its load-carrying ability. 
: vere conditions of solvent and fuel spillage has ‘been established by experience 
, in aircraft maintenance areas, In jet-blast tests with military planes, EAC | 
i pen eal under normal pretakeoff conditions and with prolonged after- 
burner operation producing pavement temperatures of 800°F. 
a _ Investigation of its mechanical properties shows that EAC has a flexural 
a” strength or modulus of rupture exceeding that of portland cement concrete by 
a factor of 3 to 6. However, EAC has flexibility which allows it to be bent to 
the same extent as asphaltic concrete before fracture. The new paving mate-— 
7 rial thus combines the strength of portland cement concrete with the flexibility 


| 


_ Note.—Discussion open until October 1, 1960, To extend the closing date one month, 
: - a written request must be filed with the Executive Secretary, ASCE. This paper is part 
7 of the copyrighted Journal of the Air Transport Division, Proceedings of the a 
Society of Civil Engineers, Vol. 86, No. AT 1, May, 1960. CE ali mes 
_ @ Presented at the October 1959 ASCE Convention in —— 
a Shell Development Co., Emeryville, Calif. 
_ 2 Shell Development Co., Emeryville, Calif. 7 
Shell Development Co,, Emeryville, Calif. 
4 Shell Development Co., Emeryville, Calif. 
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aaa _ The rapid growth of both military and commercial av aviation has been acco : 
panied by ever-increasing aircraft weight, higher wheel loads, and higher tire | 
pressures which have posed many structural problems in the design and con- 
struction of adequate pavements. To these structural problems have also been 
added ‘Special requirements which have accompanied t of 


j om effects of jet blast, and the ability to tolerate fuel spillage. The nature of these : 
7 problems has been investigated by a number of military and commercial or-_ 
ganizations and has been well presented at the , Jet Age Airport Conference 
~ held in New York, N. Y.5 Thorough discussion of these ‘problems has also taken Et 
- place at three United States Air Force Pavement Conferences® which have a 
brought ig of military and civilian aviation groups, mili-— 


Ppt ence at these conferences it is clear that neither rigid nor flexible pave- a 
ments of the conventional type offer a complete solution to the combined prob- 4 


of very load, high temperature, high velocity blast, and fuel spill- 


ditions which is superiortothat obtainable with conv entional should 
find a place in in airfield of future. 


concrete has emerged as a material well suited to solve simul- 
- taneously the problems of heavy loads, high temperature and velocity blast, — 


- asphalt binder. “The: ‘properties of the pavement ai are determined by ‘the Po 
7 perties of the binder which contains epoxy resin well-known for its outstand 


ing performance as an and for its remarkable physical 
Initially the binder is a ] _ 


During mixing with hot aggregate, subsequent hauling, laying, compac- 
tion, and field curing, the binder is converted by a chemical reaction from a 
- viscous liquid into a non-melting elastic polymer with interesting mechanical — 
properties and solvent resistance. The rate of the polymerization reaction 
taking place is readily controlled so that the aggregate-binder system canbe 
handled in normal hot-mix asphalt plants and can be spread and compacted by a 
conventional paving machines and rollers. oo 
* ne finished pavement has the appearance of normal asphalt concrete but — 


the properties are very different in many respects. Initial applications of epoxy = a, 


asphalt « cone rete have been in the form of overlay pavements 5 in. to lin. thick © - 


"which have been used as a protective layer for existing flexible and pee pave- 7 
ments, © Studies are under way which should lead to a design for the use of | 


epoxy asphalt concrete as the major pavement element in new constructio — 


_ a Journal of the Air Transport Division, Proceedings, ASCE, , Deceuher, 
Roads and Streets, September, 1959, p. 111. = 
» ve 
* Trademark, Shell Oil Co. 
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EPOXY ASPHALT | 
EP 
EPOXY ASPHALT BINDER 
‘The binder is composed of a liquid epoxy resin and a paving grade asphalt 
conta an additive which acts as a flexibilizing coreactant. When these in- — 
_ gredients are mixed in the proper proportions, a chemical reaction begins 
_ which causes the viscosity to rise steadily until the binder is converted into a 
_ thermoset plastic. The rate of the reaction and the corresponding rise in vis- 
- cosity : are determined by the temperature c of the | system. The reaction may be 
caused to proceed at a rapid rate by choosing a high temperature or at a slow 
rate by choosing a low temperature. The operating temperature range for 
_ practical handling of the binder ; in paving applications is about 200°F to 300°F 
and includes the preferred operating range of hot mix paving plants. * ; 
, 7 When the binder is cured in the form of sheets it may be tested in tension 


to ASTM method D412-51T. Dumbbell-shaped specimens stamped 


from the sheet and tested at a rate of 20 in. per min at room temperature show 
a tensile strength of about 1,000 psi and an elongation at break of 200%to 300%. 
Correcting the tensile-test value for the change in cross-sectional aren dur- 
_ ing the test gives a true tensile ¢ stress at fracture of about 3,000 psi. ~The 


Br: is elastic and will return to its original shape after deformation by 


~ The binder is particularly well suited to high-temperature use as shown by q 
_ the fact that it does not melt or lose its shape when heated to 800°F on a hot 
- plate. - Heating to ahigh temperature does not destroy the good low temperature 

- flexibility of the binder as indicated by the results of the Fraass test shown in © 

- Table 1. In this test (Institute of Petroleum method 80/53) a 0.5 mm thick 
mn layer of asphalt or other product is placed | on a spring- steel strip and sub- 
jected to periodic bending which. produces a 1 maximum tensile strain of 0.03 in. 
per in. over a nia of 11 sec. The temperature is gradually lowered until 


—LOW TEMPERATURE FLEXIBILITY OF EPOXY ASPHALT 
SHOWN BY THE FRAASS TEST 


| 


Initial 


bmn Pen en Asphalt 
60 


the specimen under this strain. 
paving asphalt fractured at +16°F in this test while epoxy asphalt binder failed 
to fracture at -31° F, After exposure to a temperature of 760°F for 5 min the | 
breaking point of the asphalt was raised to +25°F while the « epoxy 


phalt still failed to fracture at -31°F. 
PREPARATION AND PLACEMENT OF MIXES = 
Epoxy asphalt concrete is pr epared in conventional hot-mix asphalt | vente, 
laid with self-propelled paving machines or by hand spreading, and compacted 


conv rubber -tired rollers. Construction specifications 
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for successful egglication of this new product have been established in a series 
of field installations conducted during the past 3 yr using commercial sien sna 
plants and paving equipment. 

Plant Operation.— —Minor additionstothe mix plant are required to pro- 

vide for pumping of the epoxy resin and additive to the 1 weigh platform where > 
ie blending of the binder components is accomplished in the weigh bucket with © 
_ be: stirring. Alternatively, the additive is preblended with the asphalt and 
- only the epoxy resin is added in the weigh bucket. Laboratory and field studies © 
- of mix design have shown 8% to 10% weight of binder basis aggregate to be the 

_ ~ preferred range for preparation of dense, flexible, and impermeable epoxy as- 

phalt concrete. Asphaltic concrete mixes containing 8% to 10% binder would 
have » very p poor stability” at the high | pavement temperatures encountered in 
warm climates and under jet blast becausethe asphalt is essentially a viscous — 

liquid at high temperatures. Since epoxy asphalt is a non-melting plastic which 4 
_ retains its shape at high temperatures it is possible to obtain flexible m mixes" Ss 

with high binder contents without the serious loss of stability usually exper ' 


an re ate com lyi with co nve t alit and radation specifications 
ge reg plying — n entional qua y weed 


isu used, and fae overlay pavements = in. to 4 in. in 1 thickness, the maximum a 


aggregate size is set at Z in. Dense graded aggregates are preferred where 
dense, impermeable pavements are desired to act asa protective overlay for 


asphaltic. concrete against attack by various fluids. Aggregate temperature is ; 
item in successful handling: of epoxy concrete since the 


Timing ‘the Paving Operations. —The n ‘mix an in- 
7 ‘igen on the time available for subsequent operations involved in laying the 
"pavement. At high temperatures the polymerization reaction proceeds more — 
- rapidly, and the viscosity of the binder increases more rapidly than at low 
temperatures. The mixing of binder and aggregate presents no problem 
_ cause the viscosity of the binder remains for about 30 min within the viscosity — 
range in which penetration grade asphalts are normally mixed with aggregate. 
_ Normal mixing time in the pugmill is required, _ usually 1 min or less. Labor-— 
a atory and field experience have shown that the mixing, hauling, and spreading 
i. ot the mix should be accomplished by thetimethe binder viscosity has reached 
60 poises in order to be able to obtain the desired degree of compaction | with 
conventional rollers. The ; aggregate temperature to be used in 1 any given con- 
"struction job will be determined ordinarily by the hauling time involved, since 
the mixing time in the plant andthetime required for spreading are essential-_ 
constants. _ Where the hauling time is short, relatively high aggregate t tame 
_ peratures can be used, but for long hauls lower temperatures | are required. 
- Surface Preparation. —When epoxy asphalt concrete is usedasanoverlay on 


existing pavements, the surface should be swept free of dust and dirt and a o> 


ia Suitable tack coat should be applied. Tack coats of emulsified asphalt, cutback 
4 asphalt, and penetration grade asphalt have been used successfully in many in-— 
stallations. Where the pavement is subjected to normal pretakeoff conditions 

4 by military or commercial jet aircraft, an asphalt tack coat appears adequate. 


In some cases where the pte is ayo on ae cement concrete and is 


4 
— 
| 
| 
4 
4 
= 
— lm 
4 
— &g 4 
* #3 } _ gine overhaul areas, a tack coat of epoxy asphalt binder has been successfully i” ie 


Compacting the Mix. — Laboratory studies and examination of field installa- 


tions have shown that low void content of the ‘compacted mix is very beneficial + a 
- obtaining the impermeability and high solvent resistance desired in epoxy 
asphalt concrete overlay pavements. The retention of strength after long ex- _ 

posure | to ag fuel as by a a punching shear test is in Fig. 1. 


_ face dry specific gravity of the aggregate is required for high saan reten- 

Dag ‘Rolling studies at fi field inetaiiakions, using steel rollers weighing from 3.5 
tons to 12 tons, have shown that the desired density and low void content ca 

: be obtained by making the break- -down roll with 10 ton or 12 ton steel rollers 


: followed by surface finishing with a rubber- -tired r¢ roller witha weight of 2, 000 
“Ib per wheel and 90 psi tire pressure. 


PROPERTIES AND PERFORMANCE OF EPOXY a need 
bal To determine the | potentialities of this n new paving material, a. pone has” 


been undertaken in which mechanical properties have been investigated in the 


laboratory, and performance under conditions of actual use has been deter- 


mined in the field. The field installations, consisting of = in. to 1 in. thick 
‘overlay pav ements, _have been placed and studies have been made with mixes 
using de dense- e-graded aaeregmes with a maximum particle size of 7 in. 
Stability a and Bearing Capacity. ‘mentioned earlier, a chemical reaction 
_ takes place in the binder which converts it from a viscous liquid toa non-_ 
melting plastic. This reaction is still in progress when the hot mix is spread 


4 


and compacted, and continues for some time in the pavement. A convenient | 
| oe of following the progress of the reaction in the pavement is to deter-_ 
“mine the bearing capacity of the pavement periodically. | The 90° cone pene-— 

, Saenee commonly usedin soil test work has been show n? by L. W. Nijboer 

to give bearing capacity results in good agreement w with the theory of ‘ 

: Prandtl? when used on sand sheet mixes of the type involved in epoxy asphalt — 

_ overlays. . The bearing capacity measured is equivalent to the tire pressure 

wie can be tolerated. Fig. 2 shows data taken on an EAC overlay placed at 
ee aircraft maintenance base in the San Francisco, | Calit., 


area. This overlay 
was able to support a truck with a 17,700 lb rear axle load without shoving | 


_ within 15 min after compaction with steel rollers. From Fig. 2 it can be seen 
— 1 day after placement, the pavement could withstand a atire re pressure of 200 


‘in 30 days. Airtemperatures during this period were in the range 55°F to 75°F - 
and pavement temperatures ¢ did not exceed 105°F. At higher — 
tures a more rapid rise in bearing capacity is ‘obtained. 2S a. 
a By means of the Marshall test the stability of epoxy asphalt concrete has © 
7 been determined at several levels of binder content. For comparison, asphal- _ 
tic concrete specimens were prepared from the same crushed aggregate with — 
asphalt as the binder. The specimens were 
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— Nijboer, Elsevier Publishing Co., Inc., New York, p. 
8 “Concerning the Hardness of Plastic Bodies,” by L. Prandtl, Nachrichten von der 
Koniglichen Gesellschaft der Wissenschaften zu Gottingen, Math. Phys., 1920, p. 74. 
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AIR VOIDS IN THE MIX, 


FIG. de -INFLU ENCE OF AIR VOID CONTENT ON PUNCH SHEAR 
STRENGTH AFTER 20 HR OF IMMERSION IN JET 
‘AT T ROOM 
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‘Fig. 3 show the stability of EAC to be in the’ range of 15, ‘000 lb to” 20,000 lb a“ _— 
compared with a range of 800 lb to 3,500 lb wel concrete 


age to the EAC ‘specimens during Marshall seating, and when the load is re-. 

moved the specimen rebounds, about 60% to 70% of the “flow value” actually be- 
ing an elastic and recoverable deformation as shown in Table 2. Asphaltic 


—MARSHALL STABILITY OF EPOXY ASPHALT CONCRE AN! 


concrete does not show thistype. of recovery but remains deformed 


A recent analysis of the Marshall test by C. T. Metcalf9 has led to the de- fa % 
ee; ofa proc edure for calculating the bearing capacity in terms of "| 
_ pressure which the pavement can tolerate at 140°F without the production of a 
compressive strain exceeding 1%. The values of bearing capacity calculated 
, this” new procedure correlated well with f field experience in 84 out of - 


“Use of | the Marshall Stability Test in Asphalt Mix by Met-— 
Highway Research Bd. Bulletin, No. 234. 
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ATI EPOXY ASPHALT 


phalt comcrete are shown to be inthe range of 700 psi to1,100 psi as scared 
with 250 psi for the asphaltic concrete made with the same aggregate. This ms 
represents an improvement which is of particular significance in view of the 
high tire pressures and wheel loadings which are encountered in modern mili- 
sa _ The ability of pavements to retain high load-carrying capacity after many | 
-_— ated loadings is particularly important i intaxiways and runways where air- 
_ craft traffic is channelized. Repeated loading of epoxy asphalt concrete simu- 
_ lating thousands of coverages by traffic has shown that epoxy asphalt c concrete 
retains high stability and low flow values and resists densification. 
_ The bearing capacity values ‘mentioned previously are far beyond the re- 
‘anenaala of aircraft now (1960) in use, the highest tire pressures currently : 
encountered being about 500 psi on some aircraft of the United States Navy. A 7 
_ practical example of the need for the high bearing capacity of EAC is found i in 


2,.—MARSHALL STABILITY AND FLOW VA LUES FOR ‘EPOXY ASP PH 


CONCRETE AND ASPHALTIC CONCRETE AT 140°F 


ge Ma: rshall st Values from Duplicat 
ye arses a Test alues from iplicat icates 


Basis 


can be tolerated at 140°F_ without a compressive 


a Tire pressure which can 

Stability + 2) ain 055 K) 


1+ sin (59.4-0,942 | 


1 - sin (59,4-0.942 flow) 


areas where vehicles such as fork-lift trucks and steel-wheeled dollies carry-_ 

ing heavy loads on small diameter wheels are used. Such a case was encount- 
ered in an aircraft assembly plant where large sections of structural members 
were being transported on trains of steel -wheeled dollies with wheel loads of 
800 lb peri in, of wheel width, _ The rough, - cracked surface of the portland ce = 


ment concrete floor was causing g damage to the aircraft sections and this co a 
dition was alleviated by placement of a 5 in. EAC overlay to serve as a new | 
smooth-running surface. The ov erlay was placed during a weekend and had > 
developed sufficient bearing capacity by the following Monday to support the 


4 heavy loads without indentation of the pavement. 


Fuel and Solvent Resistance. —The resistance of epoxy asphalt concrete to 
‘deterioration by jet fuel and various solvents is an important property in many 
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_ permeable. This condition is achieved by the use of a dense- graded ‘ane 7 
and relatively high “binder content in the mix, and byt the use of pihernad rollers 


also improved by high densities ‘and low. air void content as shown = oN ol 
_ which shows the results obtained on cores from field installations. The re- 


s tance of thick ‘specimens | shearing action of a in. 


steel rod driven at a rate of 0. Qi in. per min by a testing machine is designated 

as the punch shear strength. The punch shear strength of specimens after 20 
hr of immersion in jet fuel at roomtemperature decreases asthe air void con-_ 


» 


tent increases. _ On the basis of data of this type from anumberof field in- 
: -stallations, an air void content of 4% (based on saturated surface dry specific 


EPOXY ASPHALT CONCRETE 7% BINDER | 


ABILITY AT 140°F, POU IDS 
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OF IN JET FUEL AT 140° 


RETE 


o- of the aggregate) has been set as a goal in the construction of — 
at. The relative solvent resistance of low 
air void content asphaltic concrete and epoxy asphalt concrete to jet fuel at 
140° F is shown in Fig. 4. Asphaltic concrete disintegrates within 6 hr under 
these severe while EAC r retains = 
‘The solvent resistance of epoxy asphalt concrete pavements has been tested 
under severe conditions in field installations. _ One of the early inatallations 
was in a bulk depot in which fuels and lubricants are loaded into tank trucks. 


“I A small amount of ‘spillage and dripping occurs ‘constantly and frequent re- 


placement: of asphaltic | concrete — required. A 5 in. of EAC has been» 
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re part of the maintenance and overhaul routine, , planes a are placed o on. a desig- x 
7 nated area where engines soiled by oil leaks are washed down Sendieiaieen. ee 
solvent, resembling paint thinner, which falls on the pavement. Oil filter 
changes are made with some spillage; fuel tank drains at eighteen locations on . 7 
the aircraft are opened to remove water and some highly aromatic aviation — 
- gasoline as well. Hydraulic fluids of both the oil base and alkyl aryl phosphate — - 


(such as ‘Skydrol) frequently accumulate in small amounts on the 


new jet maintenance base with an epoxy asphalt overlay, 

Blast Resistance. - — Laboratory tests have been used to obtain an indica- 

- tion of the strength of epoxy asphalt concrete at high temperatures but no pei 
x has been found inthe laboratory to simulate the combined high temperature and y 

high- velocity blast of jet engines. Actual field performance under blast poy 


"service, the airline elected to protect a3-acre area of asphaltic pavement at 4 


crete slabs in overhaul areas used for jet planes at two military air bases i 
California. Thermocouples have been installed in the overlays for tempera- 
ture measurements during the blast tests. These tests used a cycle which c= 
; E simulated normal pretakeoff operation and consisted of periods of idle power — 

operation and of 100% power or “military” other tests prolonged 
use of the afterburner was also included which | resulted in surface pavement | 
"temperatures as high as 800°F. oY survey reported by W. J. Turnbull and C. 
_R. Foster10 shows that the use of afterburners occurs only on planes already 
in motion, with the exception of maintenance operations which are carried out 
in special areas such as the one in which these t tests were made. — array 
The overall | performance of the overlay in these tests, which involved con- 
“ditions far exceeding the severity and — expected in normal use by mili- | 
tary aircraft was judged to be excellent. Detailed results of these tests — } 


asphalt o overlays 1-in thick have > been placed on. “spalled portland cement 


by J. H. Litchfield that the severity of jet blast ‘and temperatures anmsebeeed : 
with commercial airline jet planes is considerably less than in the case of 


_ Tensile Properties. .-In order to predict the behavior of epoxy asphalt con-— 
crete under various conditions of loading at various temperatures, a knowledge 
of its major mechanical properties is required. The tensile strength has been 
_ determined over a temperature range of 32°F to 140°F at loading times from 
about 1 to 106 sec as shown in Fig. 5 for EAC with 8% binder in the mix. The | 
_ data for loading times up to about 5,000 sec were obtained on a conventional — 
testing machine and those for long er times were produced in constant- stress — 
 ereep- -rupture tests. tensile strength is rather insensitive to changes in 
loading time and in this respect resembles portland cement concrete much 
more than asphaltic concrete. Changes in tensile strength with ee 
are also considerably less than those found with asphaltic concrete. 


7 _ 10 “Effects of Jet Blast and Fuel Spillage on Bituminous Pavements, *” by W.J. Turn- ~—_ 
bull and C,.R, Foster, Journal of the Air Transport Division, Proceedings, ASCE, Vol. 

_- 11 “Effects of Jet Fuel Spillage and Blast on Pavements,” by H.J. Litchfield, Journal oa 
of the Air Transport Division, Proceedings, ASCE, Vol. 
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FIG. —TENSILE STRENGTH OF EPOXY ASPHALT CONCRETE AS” A FUNCTION 
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FIG, 6.—STRESS-STRAIN ‘MODULUS OF EPOXY ASPHALT \S 
FUNCTION OF TEMPERATURE AT LONG LOADING TIMES 
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‘The tensile strain of epoxy asphalt concrete at fracture ure proved to be. almost 
independent of the loading time and averaged about 3%. This tensile strain is 
about three times that obtained with asphaltic concrete and about ten timesthe © : 
strain at fracture of portland cement concrete. 
Fromthe tensile strength andstrain measurements, the stress- strain modu- 
at fracture has been determined over a wide range of loading time and tem- 
perature as shown in Fig. 6 for EAC with 8% binder in the > mix. This type - 
; information is useful in determining the response of the material to. applied 
stresses and in calculating the magnitude of stresses which develop inthe ma- 
_ terial as a result of temperature changes. — _For the latter type of stress cal- 
expansion is also required. ‘This 
found to be about 20 x x 107 in. per in, “per which is very close t to: 
linear thermal coefficient of expansion of asphaltic concrete, 
| ii The response of EAC to dynamic loading of the type associated with aii: 
traffic has been determined by studying the bending of | beams of the material : 
various frequencies corresponding to loading times of 10-3 1 sec and 
temperatures from 32°F to 140°F. As is shown in Fig. 7 the stress- strain 
modulus of the material under these short loading times varies from about 3 x 


nperature range to 140°F. Under these 


which has a stress- strain modulus of about 3. x 106 psi. 
- Beams of EAC have been flexed 100x 106 times without fracture, indicating 


that the material has good resistance to failure by fatigue. 


_ Flexural Strength.—The flexural strength or modulus of rupture of pave- 
ments is an important property which characterizes their behavior under load-_ 
ing. ‘This measurement been made according to the procedure specified 
in ASTM ‘methods C293 - or C78-49 which consists of supporting a beam of 
_ standardized dimensions near the ends and producing bending by center load- | 
ing ata specified rate with a testing machine, From the maximum load and 

- the dimensions | of the ‘specimen, the > modulus of rupture or flexural strength 


is calculated, As an addition to the ASTM procedure it was found useful to om x] 


_ measure the deflection of the beams at the center during the test by means of 7 


In Fig. 8are shown modulus of rupture and beam- at maxi-— 
mum load for portland cement concrete, asphaltic concrete, and epoxy asphalt 
 Saaee ‘The beams used were 2 2 in. by 3 in. by 12 in. with a testing span - 
length of 9 in, At the left of the graph | the modulus of rupture of portland ce- 
-ment concrete is shown covering a range of about 400 psi to -_ psi. The sis. 
_ ter deflection of the beams at maximum load averaged 0.01 in. in these tests. 


_ Along the bottom | of the graph arethe data for asphaltic concrete at three levels” ‘e 


- The beam deflections are very la large’ because of the flexible nature of asphaltic 


_ The three center curves in Fig. 8 show the properties of epoxy eae con 


cou at three levels of binder content — -7h, 8%, and 12% basis aggregate. The 2 
se triangles, and squares represent the use of three flexibilizing addi- 
_ tives which differ in composition. The modulus of rupture of epoxy asphalt 
. concrete may be varied from about 400 psi, which is about the lower level for 

_ portland cement concrete, to about 2,400 psi, which is two to three times that oz 


: noe with the best portland cement concrete. At the same time, epoxy as- 
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-MODULUS OF EPOXY ASPHALT CONCRETE 
_AT SHORT LOADING TIMES) 


AVAILABILITY | OF ANCE 


_ The successful use of epoxy asphalt concrete requires proper handling of f 

_ the material in the mix plant and during the laying operations. _ The changes" ; a 
from -mix handling p are few but important, 
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PORTLAN 


‘DEFLECTION OF BEAM AT MAXIMUM LOAD, INCHES i: 
sa —MODULUS OF RUPTURE “AND FLE XIBILITY OF EPOXY 
ASPHALT, PORTLAND CEMENT, AND ASPHALTIC 
learned from field experience with commercial mix plants and paving» 
equipment. This experience is available in the form of technical assistance in a ‘ 
‘solving paving problems “—aariaes the properties of epoxy asphalt co concrete indi- 
cate its use to be desirable. 


al 


q "plication and Manufacturing -Research Departments of Shell Oil Company in the 
_ field development work. _ We also wish to acknowledge the assistance of D. Cc. 
Whitely, H. Johnson, C. and P. in the work. 
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‘The principles and procedures of airphoto interpretation are briefly con- : 
_ sidered. To illustrate the application of airphoto interpretation to airfield site | 
i selection, an area (Martinsburg, W. Va. .)has been selectedand an airfield-site- — 
analysis prepared. From a study of the three sites 


anal and engineering firms use photogrammetry to obtain the required topo- 
_ graphic mapping of a given area at the most economical cost. Information is 
now fed from the plotter into an electronic computing machine to come up with © “g 

earthwork quantities. “ These. engineers will be « quick to claim that they have _ 
adopted modern methods and can doa better job at less cost, but have they 
made complete utilization of this tool, aerial photography? — Many —— 

PDA. There are engineers that are becoming aware of another use for aerial 

_ photography. This group is aware of the fact that before designing a . major — 

_ engineering project there is need of a well- -planned comprehensive study of all 7 
factors that will effect the cost of the project. ‘ ‘They realize that — in the 


Note. —Discussion open unit] October 1, 1960. To. extend the « closing date one month, 
a written request must be filed with the Executive Secretary, ASCE. This paper is part a 

of the copyrighted Journal of the Air Transport Division, Proceedings 0 of the: American 

Society of Civil Engineers, Vol. 86, No. AT 1, May, 1960. 

a 1 Asst. Chief, Photographic Interpretation Research Branch, U. 8. rer Snow Ice & 

_ Permafrost Research Establishment, Corps of Engrs., Wilmette, Il. 
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_ planning phase one must gather regional information and then seathenien infor- 
about all possible sites. Thena study of ‘ane possible 

Aerial photography is an efficient tool for study 0 of the > regional geography 
and physiography. it is the most efficient “way o of studying two or three sites — 
» detail for use in preparing a comparative study. That is, it can be used dur- 

ing the planning stage to make an analysis of the soils and other environmental 

factors that will provide the basis of comparison between alternate sites. Many — 

- factors that affect the p planning, design, and construction of ‘seen pro- 
may be determined a careful study of the airphotos. 


ae zations and contractors have used such methods for several years with aa 
‘The ‘purpose of this paper is to. discuss airphoto interpretation ai its ap- 
— to airfield engineering. First the principles and procedures will be 
_ discussed and then an area will be analyzed as 2 an example of of the e procedure 


and the information | that can be gained. 


APPROACH 


" many times and will be cited only briefly herein. _ Several references in the 
= bibliography explain the principles and the techniques in detail. The basic = 


climatic environments will exhibit similar airphoto patterns, and unlike 

__ The pattern can be described as the combination of certain recognizable _ 
elements as recorded upon the airphoto. . These | ‘elements that singly or =. | 

= form a significant pattern are: landform, drainage system, erosion 


characteristics, photo tones, vegetation, and land use. The basic principle andl a 


ie lar climatic conditions, , but separated by a distance of about 100 miles, , are 7 
oe shown in Fig. 1;the two photographs represent patterns of residual soils over — 
(note the similarity in landform, drainage, and land use). Dissimi- 
4 lar materials under similar climatic conditions in southern Indiana provide 
4 contrasting airphoto patterns as seen in Fig. 2. Fig. 2(a) illustrates the air- be: 
photo pattern (sinkhole pattern) developed in areas where flat - lying limestone 
_ and its residual soils are exposed to a semi-humid climate. sy. Here the soils, 
. a of plastic clays, will be found to be 6 ft to 10 ft. deep .and only in- 
frequent, shallow rock excavation will be necessary for airport construction. | 
Fig. 2(b) illustrates another rock type in this area, that of massive sandstone 
beds. _ The topography consists of ‘flat, , blocky upland areas with steep valley — 


walls. _ ‘The soils are shallow upon the ‘uplands. * Fig. 2(c) illustrates the air a 


Rolling topography, intricate and erosion pattern indicate residual 


“soils over shales. Here the topography is too rolling to locate an airport. bo ve 
_ Procedure.—To provide a well-organized analysis of an area for airfield . 
planning or any similar project, oe engineer must proceed ina ae wool 


_ manner. This means starting w with 
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FIG, 1. —SIMILAR MATERIALS CREATE SIMILAR 
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"that: is, working from the general to the sii: Photo | interpretation ae 

ovae quires the ability to select the significant details from a vast array of details. a 

ee The engineer doing the analysis or interpretation should have an adequate back- ~ 
a ground in soils, geology, and other earth sciences to ) enable him to understand 

a sequence of events or to evaluate the significance of features that individually © ‘3 
oras a part of a system ‘provide the information required to make a correct 


Briefly, the logical procedure to follow is: (1) assemble a mosaic of anarea 
= larger than the area of concern, (2) study this mosaic and cuivonte 7 
the major natural and cultural boundaries of the landscape, (3) study stereo- 
= the individual prints to determine the details within the larger areas 


already delineated, and (4) prepare soil and drainage maps and prepare a re 
port on the conditions which affect the cost and the design of the project. _ 
Engineering Use of Information. interpretation will save e time 


interpretation. of ‘soils and other natural fac- 


tors that influence the planning and location of a project. meet 
Engineering soils maps of proposed | locations. 
‘Location of construction materials. 
4. Determinationof potential roblems, as rock cuts 


should be emphasized that, to obtain the most from airphoto interpre- 
tation, ‘it should be utilized at the stages of planning. pro- 


stages. 


ae illustrate the application of the technique to airfield engineering anarea 
v has been selected and an engineering analysis will be prepared for this oe 
ae A study has been made of an area around Martinsburg, W. ‘Va., for the pur- 
acy of selecting a suitable site for an airport to serve that city. This study 


has been based on interpretation of sia Photography taken in 1938 for the 


Sta ates of Agriculture. The area studied is 8 = miles east 


to west by miles north to south with near the 

Geography. - —Martinsburg, the seat of County, W. Va., , is 

“the east center of the county within the Great Valley that runs northeast through © 
‘Virginia, West Virginia, and into Pennsylvania. Berkeley County has an area 
| of approximately 192 Sq miles and a population of f approximately | 30,000 (1950). 
Martinsburg, with approximately 15,000, contains most of this population. The 
airphotos indicate that the city is largely residential in character and the sur- 
_ rounding area is devoted to agriculture. Orchards cover large areas. Lime- 

‘stone is quarried a at many places, ‘probably for use as as agricultural lime and 

_ Physiography.— —The area of study lies within the Great Valley of the Ridge — 

‘and ‘Valley Province of Highlands. Fig. 3 illustrates: the local 
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FIG, 3.—PHYSIOG 


5 NS OF THE AREA STUDIED 
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' - that is nearly level to undulating, P. Throughout this plain a well- defined 
_ linear pattern prevails. Bordering the Shenandoah river valley, this plain be- 
= comes dissected by tributary erosion. This area, Pd-V, is transected by many Py 
deep tributary ravines giving it a hilly topography. dividing line between 
° ‘ these Pehiograghie sections may be drawn n by a study of the mosaic of the 


" Geology. -A detailed description of the geology of this area would be ed 


cates ‘shale, 8 Ss denotes sandstone, Ls indicates ‘and Ss denotes 

shale over sandstone. The sharp crest and the steep east-facing slope of 
ridge in the northwest corner of the area indicate that this ridge was formed 
by a resistant sandstone. - The bedrock of the plains is composed of steeply 

tilted limestone and shales. The strong linear pattern o of the topography indi - a 


P Ronn that the bedrock is tilted. That tilted limestone is is the | predominant bed- 


“Tight corner of Fig. cx 7 Shale is indicated in areas of more ‘softly rounded ol | 
_ pography in the plains sectionand becomes predominant in the dissected plains | 
section, as evidenced by the absence of linearity and sinkholes. | The wv well- 
developed surface-drainage pattern is typical of a shale area. #3 ers 


In some areas ‘the soil will be very shallow; in others it will probably be 10 tt 
Climate. — —Heavy woods of the uncultivated are of ‘the sub- 
humid to humid climate of the area. 
bs _ Local Pattern Features.—The pattern each are 


_ to illustrate the method of | evaluating and interpreting the soil and terrain con-— 
a Landform.—A sharp- -crested ridge trending northeast-southwest 
a The east - st-facing s! slope is a steep escarpment facing o onto the plains to the east 
- while the western slope is more gradual with a somewhat rounded appearance. 
‘Fig. 6 illustrates the typical landform of this ridge. 
ee _ Drainage.—Close parallel drainage gullies extend up the western slope. 4 
“= eastern slope has no drainage system because of its steepness. aie oe 
Erosional Features. —Heavy vegetation prevents study of the erosion. 
Photo Tones Tones .— The vegetation obscures the soil tones except for 
areas ns ; on the east east slope where small patches show white to light gray tones. © 
Vegetation. .—Hardwood forest covers both slopes. of the ridge, the w es 
= pa aE a very dense cover. _ The cover on the east slope is not as dense 
and shows some lineal stratification 
Cultural Features .—This ridge is too steep for man to impose upon it : 
cultural features Widely separated roads cross with long 
grades running slightly diagonal to the trend of the ridge. 
Analysis .—This ridge standing high above the its sharp 
crest and bold, steep eastern slope is typical | of a tilted sandstone formation 


interbedded with other sedimentary rocks. soft slopes on the west 
“cate that shale will be found heerteeiae the sandstone on this slope. — 
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‘ 
orm.— This area of a plain at the base of 
ited mountain ridges. This plain has an undulating surface with many 
rounded parallel ridges trending northeast-southwest, which gives the airphoto | 
pattern a definite linear appearance. This linear pattern is modified in areas 
_ by the subtle features of sinkholes or solution basins. . Fig. Tis characteristic 4 


of the > area; note the one parallel hills and the sinkholes in the | — left cor- ie 


The photo tones vary cont ws white to inlet dark gray. 


‘The tone changes are due to both the vegetation and the topography. The steep 


q 
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are light with areas light to dark gray. Small irregular 
"circular areas of dark | gray indicate sinkholes or infiltration basins. ete be 


y farce Orchards cover a large portion of the area. Field shapes are usu ; 

long and narrow, accenting the linear features of the topography. 
_ Special Features.—The strong linear features and the infiltration basins é 

are a unique combination and each presents strong clues as to the nature of - 
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AIRPHOTO. INTERPRETATION 
and slopes along with the development of small solution pastas: and shallow 
sinkholes are characteristic of tilted limestone formations. The lack of de- 


‘velopment of a surface drainage system bears out this conclusion. _ a 


ey Landform.- .—This area consists of level to moderately rolling f plains. 
= Low | ridges have a parallel trend. Fig. 8 illustrates the terrain features of 7 
Bsa level area of the plains. “Occasional bare rock outcrops exist at the 


_ higher elevations as shown in Fig. 5. 


Drainage.— There is no surface drainage | system ‘developed except near 
the eastern edge where the tributaries to the Shenandoah River have reached 


a 
the plains. Shallow ‘sinholes exist in many areas. 


~AIRPHOTO STEREOPAIR OF SANDS’ TONE R 

Erosional_ Features.— Shallow broad gullies are found Ero- 

Photo Tones.—The photo tones over this plain are most strongly con- — 

trolled by the crops in the fields, but the tones vary from white to gray. These 

tones indicate the well drained condition: of the soil. b basins or sink- 

holes are indicated by dark gray circular areas. 

_Vegetation.— — The present vegetation consists of grain andorchards 
as the area is intensively farmed. ihe 


ay 


q Epa to the trend of the shallow ridges. Fields are larger and more rec- 


tangular ‘than inthe | other northeast -southwest wens, however, is 
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wolbis Special Features. —Within the area are large quarries that are —_— nar- 
row, and deep. These quarries evidently follow a single stratum. These quar - ¥ 
ries show no refuse pile of stone, indicating that the material is used for agri- 
cultural lime or Portlandcement. pio! 
nalysis .—The low rounded hills with their distinct parallel linear trend 
¥ and the evidence of sinkholes throughout the area indicate that this area is also 
underlain by limestone. - Quarries in nea area also bear out this analysis. er 
‘panied _Landform.—This area consists of a dissected plain leaving a hilly area | 
bordering the Shenandoah River. . The hills mainly trend east-west as perenne are 


formed by deep tributary ravines of the river. ads 


rte 


to the River. A secondary drainage system exists at 


right angles to this system, giving the overall drainage pattern a trellis ap p- 


pe 


__Erosional Features .— —Gullies vary from rounded shapes to deep V-sha 


_ indicating differences in soils in the area. Often a gully will broaden out at into 

Tones. Throughout this area photo tones are a darker 


gray than 


vd Vegetation. —The area is farmed with fields of grain crops s except in nthe 


— 
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AIRPHOTO INTERPRETATION 
Cultural Features .- —The areais farmed in small fields. Roads 
ares strongly controlled by the topography and follow the ridge tops. +i 


Special Features .—Within this area there is a brick plant anda 


underlying rock more impervious than the other areas. This all 
the area is underlain by interbedded sedimentaries in is he 


FIG. AIRPHOTO STEREOPAIR OF } RLY LEVEL AREA OF PLAINS SECT ION 
Analysis and Appraisal. —Throughout the area the topography J 
7 presents | a strong parallel linear | trend. The mountains, the low ridges of the — oe 
plains: area all trend northeast - southwest. Throughout much of the area the 
topography has too muchrelief to provide an adequate site for an airport. Any me 
airport must be located far enough « east of the high ridge so that the ridge does 
not become an approach ‘obstacle. ( Only in the plains section is the ‘terrain 


The soils of the plains are residual soils developed from the underlying 
limestone. _ They are predominantly a plastic clay or silty clay with good in~ 
- ternal drainage in the undisturbed state. _ These soils will be impervious pon 
remolded during construction. ‘The depth of these soils will vary. Many 
areas where bedrock outcrops or is near the surface are found in studying <i - 


photos. In other places t the soils will be 10 ft to 15 ft deep. beat wr 


| 
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eae that it is a regionof soft rounded hills. A well-developed trellisdrainage sys- © ek. 
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i soils of the dissected area near the river are probably residual soils 
gee over interbedded limestone and shale. _ These soils are not well 
_ In the undisturbed state, the soils of the plains are well drained internally. 
aa The sinkholes may be a problem for some construction. Drainage ditches. 

_ should be provided to remove water from the edges of any runways as these 
<" soils will no longer have good internal drainage and are apt to swel. and lose 
Strength if the surface water is not drained away from the area. | es 

a Embankments for runways will have to be constructed from | the local re- re- 


APPLICATION OF INFORMATION TO. AIRFIELD SITE SELECTION 
Site Selection Criteria.— The following criteria were established before the 
= study c of sites was begun. ' These do not, of course, establish the need 


or the ability of the community to support an airport. 


Close proximity to the city served. 
Moderately level terrain to reduce of construction. 
ie _ No nearby approach obstacle 
Runways 5,000 ft long. 


6. Best possible soil and drainage conditions. 


AIRPHOTO AND DRAINAGE 


Site Selection.—From the study of the airphotos three sites were selected 3 4 
for preliminary study. The locations of these t three sites are shown in Fig. 10. 
“ Site 1 -—This site is situated about 3 miles north of Martinsburg just west 
i of U.S. Highway 11 and has good access by U.S.11. The site is bounded by 
UU. S. 11 on the east, State Highway 9 along the southwest, a railroad track run- ; 
ning northwest-southeast along the north side anda railroad track 
north- south along the west side. 


- a The terrain is moderately to sharply rolling with local relief | 
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_. The soils of this site are residual soils developed from eseatons bedrock. 
the airphoto indicates that the bedrock is close to the surface in -many of _— 
a areas, which means many rock cuts during | construction (Fig. 11). 

_ The site is limited by being bounded on all sides by the highways ia the = 
"railroad, and has another major drawback in its close proximity to high 


Site 2 -—Site 2 (Fig. 12) is located ‘approximately 3 miles south of the city 


just east of u. 8.3 1. The east - west width of the site is limited by the highway 
‘site has from the 


“The terrain is rolling and will require some deep | cuts one the runways 
There is no evidence, though, that bedrock is near the surface. 
soils in this site vary from plastic silty clay to clay soils 


The soils developed over shale are . predominant and a 
cover the east two- thirds of the site. These soils will subgrades 


ion which will require thick base and sub- base — 
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drainage ditch should be provided along the south | of the southeast 


map of the site is shown in Fig. 13. Pads uta lor, 
a A low ridge transects the ends of both samnnipe and will require excavating 
to establish runway grades. The soil, however, appears to be deep in this sarea 


and rock cut will probably not be extensive. = 
E ‘Site 3.—Site 3 is located approximately 6 miles conthovent: of the city just 7 


FIG, 12.-SITE MAP FOR PROPOSED SITE 2 
Over the south one-half of the site the terrain is only slightly etnies In 
the north half the site has considerable more relief with low hills ‘rising 30 ft 
or more. Much of the local relief is created by the sinkholes and solution 
w: _ The soils in the area are residual soils developed from the underlying lime- 
stone. ‘The soils are very shallow over a large part of the area and hard rock > 


There are many sinkholes in the | 


- cuts would be required to provide a runway. 
area which would provide another problem. | 
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Comparative Analysis .—Before the final selection, field exploration should 
be made at each site and land lappraisals made to provide an — cost | esti- 

- wk comparison of the sites from the airphoto study indicates that Site 2 is 
probably the best of the three sites. Sites 1 and 3 have rock near the surface = 
androck cuts would be required. The undulating topography of Site 1 would re- 

r quire considerable earth movement to establish r runway grades. Over most of 
_ Site 3 the topography is quite level but the low hills in the north part will re- 
quire deep rock | cuts. sinkholes found over much of Site 3 would add a 
considerable cost to ‘construction. We The topography at Site 2 controls the di- 
rections of the runways and cuts will have to be made to establish a runway : 
grade. There is, however, evidence to the deeper in 


FIG. 13,—DRAINAGE MAP OF 2 
this area androck cuts would not be so extensive. Sites 1 and 3 are much ie 
er the mountain ridge to the west, which may provide an approach obstacle. = 
All three sites have the same general type o of soi soil, but as ——— the soil lis — 
deeper at Site 2 than at the other sites. 
Access is good to all sites, with U. S. running near one. 
' if land costs at all sites are nearly equal, Site 2 because of the lads of ae 
tensive rock cuts, will the most site that 
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“lection. The information used to select the sites could be obtained 
ways. use of maps, geology, and field data would 1 develop the q 
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none of these ¢ other items c can. He is to make a evalu- 
= of all the environmental factors that eater into the analysis. © 
 Itis not suggested that the airphotos will provide all the answers, but then 
neither does’ a soil auger, or a a geology report. The airphoto is a tool that 
should be used with all the other means of obtaining information. It should not 
supplant field investigation. Instead it should be used to plan and as an aid to 
field explorations. Its use should start at the first planning stage and — 
hand in hand with all other planning and 
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LONGITUDINAL DISTRIBUTION ov WHEEL LOADS ON A 


Discussion by Ahlvin 


tot 
a topic pare is ciitaaad in airfield pavement design and on which a report — 
has not previously been published. The paper is very interesting and worthy 
of study by those concerned with airfield pavements. 
«Since the United States Corps of Engineers’, Dept of the Army, design re-- 

quirements are used for some of the authors’ comparisons, a few comments 
on the development of those ‘requirements | may be in order. 10% reduc- 
tion in thickness was adopted by the Corps of Engineers for portions of run- 
_ ways between the 1,000-ft ends because of f failures that had been | experienced - 
Following recognition on of this failure trend, studies similar to those report- 
ed in this paper were made in attempts to determine why the ends of runways = 
should fail earlier than the center sections. — It was concluded that wing lift, 
_ increasing with increase in velocity, while obviously a contributing factor, did 
: not completely account for the runway-end failure phenomenon. “CSE 

re. The authors, in their final paragraphs, recognize a factor other than lift i. Oa 
which plays an important part in design thickness requirements--the relation 
between “static” and “moving” loadings. _ Tests conducted2,3 by the Corps of | 

_ Engineers at Marietta, Georgia, in 1945, and at Stockton, Calif., during 1945-_ 
7. 1947 clearly indicated significantly smaller stresses and deflections beneath 
slowly moving loads than beneath static loads. 
=F The Corps of Engineers’ design thickness reductions for interiors of run- bo, 
_ ways are based on the combined effect of lift and moving loadings. At thetime _ y 
4 i the reductions were originally incorporated in the design, a 20% reduction was © 
considered, but only a 10% reduction was adopted. . Thus, for propeller-type 
g reraft, the 10% thickness reductions are somewhat conservative. The re- 
s ported study, in showing jet aircraft to have a lesser portion of their ov 


airborne 1,000 ft from the runway end, indicates that the 10% thickness reduc- 


indicate an unconservative element in current design criteria. 

oe a number of instances, airfields constructed by the Corps of Engineers’ 
have been | subjected to significant amounts of traffic by heavy jet aircraft. Re 


October, 1959, by R. W. Smith and R. Horonjeff.£ } 


Army of Engrs., Waterways Experiment Sta., Civ. Engrg., Vicksburg, 
SCertain | Requirements for Flexible Pavement Designs for B-29 Planes,” . 

o—_ of Engrs., Waterways Experiment Sta., Tech. Memorandum, August, 1945. tee A 
3 “Accelerated Traffic Test at Stockton Airfield, Stockton, Ss. of 
Bia Sacramento Dist. » (Stockton Test No. 2), May, 1948. cae Mh a 
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surveys have in no case indicated pavement initiating inthe 
second 1,000 ft of runway on any of these airfields, 
: The reported study does point the way to possible further redactions in| 
a _ thickness in the central portion of very long runways. This possibility has al 
ready been recognized and is not being ignored. 
re: As an example of progress in effecting economies i in regard to traffic. dis- “a : 

_ tribution, there is another traffic factor which ‘can be considered in the con- | 
struction of large airfields for heavy aircraft. Recent | Corps of Engineers ae 
criteria for very heavy load airfields have taken advantage of this additional 
consideration. It concerns the lateral distribution of traffic. Pavements for _ 

_ occasional use can be significantly pores than those for regular use, and — - 
“way o one- »-third of its width and along each edge a are rarely, if ever, loaded by 
using aircraft. _ For heavy aircraft, the reduced thicknesses in these edge — 
strips are still adequate for service and snow removal equipment, and current — 
_ Corps of Engineers’ criteria permit reduced strengthdesigns inthe 100- tego 
strips of 300-ft heavy-duty runways. _R. Horonjeff, in joint effort with J. H. 
= reported4 a study of thisnature4 = 
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